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EDITORS RATTLE SPACE

RELEVANCY IN ENGINEERING

The yovnger generation is challenging thei r most independent of the years after graduation)
elders about the relevancy of many beliefs and and a handful of references from trade publica-
actfons. When those of us in the over 30 genera- tions.
tion are able to respond rationally, we must
admit that youth ls often correct. It is interest-
ing and somewhat distressing to apply the ques- By trade publications, I refer to the magazines
tion of relevancy to science and engineering, published for profit and normally provided with-

out cost to the readers. Such magazines pro-
vide "popular science" articles for which the

As an employer of technicalstaff, I find distres- authors are usually paid. The leaders in tech-
sing the deluge of resumes of fresh new PhD's nology consider trade magazines unworthy of
trained in alchemistry and levitation. The theirtalentsandavoidthein. Why? As a writer
areas of their specialized training are somewhat for both class technical journals and trade pub-
more of the real world in that the subjects are lications, I have found much greater satisfaction
more believable, but the need for these areas from the trade Journals. Articles in the techn!-
is equally rernote. The Universities, which cal journals are discussed.n terms of existence
purport to be advanced and futuristic, are pro- theorems and at best are used as references in
ducing space scientists, the need for which has one or more esoteric publications; articles ap-
Llmost totally disappeared. The new graduates pearing in t rade publications often generate
are innocent, but the establishment is guilty of letters, telephone cal.s, etc., indicating a sig-
a lack of relevancy in their training. nificant level of interest. Further, sucharticles

are referred to often by working engineers and
it is a sincere pleasure to find such articles

Those of us controllingprofessionalpublications used for training courses in the "real world.'"
can also be proved guilty of irrelevancy. T he
higher the quality of the technical publications,
the more likely it is that the resulting papers As leaders in the technical community, we
will not be useful. The engineer-in-the-street should aim most of our efforts at upgrading
simply cannot read the "best" technical publi- the working engineer. The emp has is by the
cations. This technical snobbishness results schools and professional societies an science,
inpapersbeingwritten, reviewed, and published pure research, mathematics, technical com-
for a very small in-crowd. This closed club p)exity, etc., is basically irrelevant te the
writes and rewrites papers for academic recog- needs of most engineers or a broader range of
nition and self-gratification, rather than to society. Isn't it time to apply the criteria of
transmit information to the working level of the relevancy to our technical work?
profession. Anyone doubting this observation

as simply to go into a working group of engi-
,:eers in industry or government and askthem
for the references they use. The result will
normally be the textbooks used in schools (al- K. E. McKee



is rcahstic. Once again, this being the recom-
_ _ ._ _ _ _ _mendation of SEA, why have design engineers

_ _.. ..... _ not taken to it ?

We believe that there are twc. basic reasons why
design engineers have not taken SEA into tieir
tool chest. First, look back at paragraph two;

SPECTRUM is intended as a column notice the terms and ideas used. What struc-
for the expression oi readership tural dyna.iicists. sharpened at the hands of
opinion and will appear as comment Timoshenko, Rayleigh. Ormondroyd, etc., would
is available. It is hoped that it will understand at first glance % hat is going on?" Few,
provide a ground for inteLligent con- if any! The basic presentation of SEA was i n
troversy on subjects of concern to terms that could not be easily followed by those
the shock and vibration community. who could best use it. M or e o v e r structural

dynami.',ts feel a little insecure about SEA
since the theoretical basis of the power flow re-
lations is to date not fully validated. These
relations have been derived for simple systems

Letter to the Editors: and/or under severe restrictions, but have been
used for problems in which their validity has
been inferred only from rather widely observed

We have been asked to comment on approximate agreement between SEA predictions
Dr. R. H. Lyon's paper, "What Good is Statisti- and experimental data. Perhaps many structural
;:l Energy Analysis, Anyway?" which appeared dynamicist.3 feel what others have written,
in Vol. 2 No. 6 of the DIGEST. In view of our namely, that to date SEA is still more art than
interest in SEA, it is a pleasure to be able to science.
make a few remarks. Dr. Lyon presents h is
personal overview of what SEA is all about,
enumerates the sequence of steps required to Second, the structural dynamicist more often
complete a SEA analysis, and indicates how that than not thinks he can by detailed analysis get
type of analysis might be used in certain design more accuracy out of a study than the basic data
problems. He closes with the observation that admit. Thus, they hold to the oldtried and true
while design engineers should have been among methods even vwhen they are unrealistic in their
the first to make use of SEA they have not done employment. We remember a Technical Session
so. Why is this the case? where SEA was presented when a member of the

audience insisted that he would rather average
after a detailed analysis than initially use aver-

SEA provides a basis for predicting gross re- age quantities suggested by SEA, ignoring that
sponse properties in a structure in terms of his averages were over results that were of
gross poperties of the system and the excitation. doubtful significance to the problem at hand.
It is based upon concepts and methods of acous- Put another way, it is hard for a structures man
tics, statistical mechanics, and sl.ructural to admit that he can only get +5 db accuracy in
mechanics. The basic quantities of interest are certain types of problems. Confidence in old
mean energy, mean power flow among energy reliable methods cannot (and should not) be
storage units, and mean energy dissipation. broken easily. In our view, derivations of the
Energy balance is fundamental and a basic rela- basic relations of SEA which start from classi-
tion states that the mean power flow between two cal vibration results offer t he surest way to
energy storage units is proportional to i-he entice structural dynamicists to SEA, an ap-
difference in mean energy. proach that has been shown to provide answers

to some complex vibration problems that other-
wise can be solved, if at all, onlý with great

Numerous papers from the group at Bolt, Beranek difficulty.
and Newman Inc. have applied SEA to complex
vibration problems with what must be admitted
is reasonable success in a broad engineering J. L. Zeman and j. L. Bogdanoff
sense. It is clear that In response problems
where modal densities are I.igh, interconnections
complex, and excitctions known only in gross
terms, SEA offers an approach which is, in our
opinion, attractive because it focuses on what
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R. J :,. IcaZ •zzoEFFECT OF DYNAMIC REACTION ON FOUNDATICN SHOCK INPQ

During shock c a u s e d by transient foundat-on the portion of the structure r' bedded in the soil
movement, inertia loads of l a r g e structures -- is one of the most important, but least under-
tend to resist vertical and horizontal motions. stood, topics in the entire field of earthquake
If the foundation is relatively flexible, t n e s e engineering." The solution to this soil-structure
inertia loads will alter the foundation motion intera-tion problem is much more difficult tWin
ard, therefore, the resulting shock forces. Two the corresponding underwater shock problem.
engineering fields in which this phenomenon of In the case of underwater shock, the velocity of
foundation-structure interaction is significant the shock wave is almost constant and the shape
are underwater shock on naval equipment struc- of the wave can be accurately approximated by
tures and seismic loads on structures from a decaying exponential function for conventional
earthquake motions, explosives (Ref. 13). Conversely, the charac-

teristics of earthquake motions vary significant'y
and the soil stiffness, which can oe related to

The engineering significance of dyr.-imic inter- the P and S wave velocities, varies more
action is well understood in naval shock. This than an ordei of magnitude. Thus. the evalua-
phenomenon was first evaluated by scientists at tion of this pnenomenon in seismic engineering
the Naval Research Laboratory. Belsheim and is inherentli more diffic-ilt thanthe correspond-
Blake, summarize data collected on underwater ing probleri on naval equipment structures.
tests in Ref. 1. Possible errors from designing
with peaks of the spectrum response, which
may be very la r g e, are pointed out. O'Hara One of the first attempts to determine the influ-
iRefs. 2,3) conductpd a controlled test program ence of ground flexibility in building vibrations
on this "spectrum-dip" phenomenon. In this was mado by Jacobsen (Ref. 14) in 1939. In
program the spectrum response curves from this study the building was treated as a uniform
twotests on the same model are compared. The cantilever beam : many approximations vi e r e
difference between these tests was that the made in representing the ground. The effect on
natural frequencies of the model were altered by the natural periods wzs estimated. Since that
changingthe spring stiffness so that the funda- time many investigators have studied the effect
mental fixed base freque.ýcy of test II coincided of ground flexibility on seismic forces in build-
with the peak of the spectrum respcnse of test I. ing structures (Refs. 15, 16). The general cox'-,
As a result, a dip occurs in the spectrum re- clusion made by these investigators was that
sponbe of the second test % here the peak occurred structure- foundation effects may be significazit
inthefirbtt..t. Thus, this dynamic interaction for low stiff buildings on soft soil. Thomson
alteredthe spectrum response curve of the first (Ref. 17) stated t hat, "for tall buildings t lie
test by almost a factor of 10. Results of this comoliance ratings become large thereby ap-
test program showed that the spectrum response proaching a rlgid ground condition. For poor
curve cannot be considered a constant for the soil and low building the effect of thM. ground
type of shock and dynamic system investigated, becomes important. " This conclusici; is simi-

lar to that made by Merritt and Housnar (Ref. 18).
From the latter study it was concluded thalt if

Other discussions on the spectrum-dip phenume- building structures are stiff, reductions in the
non are presented in Refs. 4 through 6. Notes on foundation shear forces can be large.
ncrmal mode theory needed to interpret ,'hse
data are presented in Refs. 7 throgh 10.
Dynamic design methods are discussed in Ref. 11. At the presett time. very few experimental

studies have been published in the open litera-
ture on soil-structure interaction effects. Some

Thesignificanceofthisphenomenonineartnquake of the most significant measurements on this
engineering is not as well urderstood and re- phenomenon were made on the Hollyik ood Storage
search in this area is very active. This fact is Company Building d u r i n g the 1952 A r v i ii -
pointed out in a recent publication by the National I ehachapi earthquake. Measurements w e r
Academy of Sciences Ref. 121: "' his problem -- taken both in a parking lot, 112 It west of the
the problem of defining the true interactionof corner of the building, and in the east corner
soil and structure as the violent earthquake mo- of the basement in both the north-south and
tions are transmitted from the soil particles to vast-west directions. The building is a long

Associate Professor of Mechanical Engineering. Hartford Graduate Center. Rensselaer Polytechnic
Institute. Hartford, Conn.
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rectangular structure. In the east-west direc- In this study, tne significance of dynamic inter-
tionthe length is approximatelytwice the height, action effects was evaluated by comparing the
and in the north-south direction the length is spectrum response of the free-field ground mo-
approximately one-third ol the height. As a tion to the cal,-ulated foundation motion. The
result the fundamental period of vibration is free-field ground motion was defined as the mo-
much lower in the east-west than in the north- tion of the ground surface at the same location
south. An analysis of these measurements by as the structure with no structure present.
Housner (Ref., 19) showed that the lateral Emphasis was placed on horizontal motions
foundation acceleration spectrum response because they are the most damaging during
curve in the east-webt direction was rcduced seismic shock.
by approximately 40 percent from free field
values. On the other hand, there was no sig-
nificant change in the lateral foundation spec- Chiapetta used the SLAM program (Ref. 27),
trum response in the north-south direction. which is a finite elemert stress wave propaga-
Thus, a significant reduction occurred in the tion program, to evaluate this phenomenon.,
stiff direction of the building structure. This Three interaction problems designated as Sur-
trend was predicted by the referenced analytical face Model I, Surface Model II and the Embedded
studies of this phenomenon. Model were studied. A three-mass model con-

sisting of a base mass, a containment vessel
mass and an internal structure mass was used

More recently. Parmelee (Refs. 20 through 22) as a simple idealization of a nuclear power
made use of normal mode theory to represent plant. The finite element mesh used to repre-
the structure and the Arnold- Bycroft steady state sent the soil was kept constant for all three
solution of the Lamb problem to determine the cases. Properties used to define the soil are
soil flexibility, Interaction effects for steady presented in Table I. Results from this study
btate conditions are evaluated with this method are also summarized in Table I in the form of
of analysis. In Ref. 23, Agabein, Parmelee and a ratio of the acceleration spectrum response
Lee concluded that "the Influence of the flexibility of the foundation to the acceleration spectrum.
of the foundation on the seismic response is sig- response of the free field motion at the structure
nificant. The physicalproperties that affect the location. These results show that the seismic
foundation stiffness and damping characteristics forces on the containment v e s s e I caused by
are the shear wave velocity and Poisson's ratio." lateral foundation motion were reduced by a

factor of two or more. Similar results were
obtained by Isenberg (Ref. 28), During a very

Recently, a study was conducted on soil-structure comprehensive stidy the effects of soil layerE
interaction of nuclear power plants during earthl- in the earth, "plastic" soil deformation, and
quake loading (Refs. 23 through 29). Both finite soil stiffness on dynamic interaction were
element procedures and continuum analysis were investigated.
used. Containment vessels of nuclear p owe r
plants are inherently stiff and heavy. Since the
lateral ioundation force for a structure that can In Ref. 26 the influence of rotational motion of
be idealized as an N-mass system can be the reactor containment vessel foundation on
expre ised as lateral shock was evaluated. This investigation

was conducted with two objectives In mind: (1)
to determine the magnitude of lateral struciure

n 2 accelerations caused by foundation rotation and
F(t) Z Mfj ( •U(.) sinLi (t-r)d-. (1) (2) to determine if peak lateral structure accel-

J~l eration can be estimated by adding the rotational
l Jo spectrum and lateral spectrum responses. Re-

sults showed that accelerations caused by rota-
where tionofthe base are similar in magnitude to those

caused by lateral motion and, therefore, must
M = the effective modal masees, be included In seismic analyses of nuclear power
U = the modal circular frequencies, and plants. Moreover, an analysis which is based

on a rotational spectrum re-, 'Inse cannot beUff) = the lateral foundation acceleration, employed because of the pha , ,."tionships be-

tween lateral and rocking fou~.uation motions.
the interaction force varies as the square of the The effect of foundation rotation is to reduce the
modal frequencies and linearly with the modal lateral structural accelerations at the funda-
masses. Thus stiff heavy structures will cause mental frequency of the largest dynamic mass.
the most significant soil-structure interaction At this frequency the contribution of the rocking
effects. motion was out of phase with the contribution of

the lateral motion for all cases studied.

4



TABLE I

EFFECT OF SOIL-STRUCTURE INTERACTION

ON RESPONSE OF CONTAINMENT AND INTERNAL SUPPORT STRUCTURES

Fixed- Base HorizontalAccelerrtion Ratio
Reactor Model Lumped Mass Frequency of Mass, tructure iFree Fieldo

Hz .AccelerationAcceleratio)_

Internal Support 5 0. 176
Surface Structure
Model I Containment 4 0.380

Struct-are

internal Support 7 0.278
Surface Structure
Model II Containment 4 0.391

Structure

Internal Support 0.224
Embedded Structure
Model Containment 4 0. 482

Structure
Soil Properties: weight density -- 0.283 lb /in. 3
Poisson's Ratio = 0.25 and shear wave velocity = 802 fps.

The ceneral appiroach used in the analytical so- interaction effects ai e significant for stiff heavy
lution. presented in Refs. 23 to 25 was based on structures, such as nuclear power plants. In
formulating the problem as arnintegralequation. addition, the lateral response spectrum is re-
From a solutiontothe Lambproblem, the lateral duced for this type of structure. The amount
displacement u(t) could be related to a lateral of reduction depends upon the soil stiffness, the
force F(t) acting at the surface and varying structure weight, the structure modal proper-
arbitrarily with time in the following manner ties and the frequency characteristics of the

, t t t-,, input wave. Reductions inthe lateral spectrumr •may be as large as a factor of 5 or may be in-
u(t)=-C1, F(,r)d-r-C2/ o F(')K(-r)dTldT significant, depending on these factors.

Jo (2)

This analytical approach has also been applied

where C1 and C2 are material arn geometric to the navalunderwatershockproblem (Refs. 30

constants. By superposing the free field dis- through 35). In these studies the underwater

placement Up(t) the equation can be written as explosion wave was approximated as a one-
"p dimensional wave of the form Be-Pt. The hull
t t t-r of the vessel was considered to be a rigid flatr F plate of mass, Mh which is perpendicular to

u(t) C1 F(T)dr-C2 |r o F()K(T)dldt the wave front. Dynamic characteristics of
J the structure are expressed as an N-mass sy--

o o o tem. This analytical model can be expressea
in the form

+ Up(t). (3) Mh1 (t) = + 2APoe-t

From the second time derivative of Eq. (3) and
by substituting Eq. (1) into Eq. (3)an interaction t- n
equation in terms of the foundation acceleration + J(t-
can be developed. The free-field lateral accel- ct l M
eration ip(t) is prescribed and the foundation J
lateral acceleration 'a(t) is evaluated by numeri- where
cal interaction at each time step. By comparing
input acceleration up(t) to the output accelera- M11  the effective hull mass,
tion U(t), the effects of dynamic Interaction A = the effective hull section,
between the foundation and structure can be o = water density, and
evaluated. Results of this study showed that w

c = wave velocity.
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NEWS BRIEFS

SVIC Notes The conmplete contents are as follows:

Chapter I - Introduction
The publication of The Dynamics of Rotating Historical Perspective
Shafts by R. G. Loewy and V. J. Piarulli is General Topical Perspective
announced. This book is a current stock-taking Monograph Overview
of knowledge and technology associated with ro-
tating shaft dynamics phenomena, and a status Chapter 2 - Introduction to the Phenomena:
report of the problems remaining at this time. Lateral Shaft Problems
The subject is "familiar" in the broad sense to Fixed and Rotating Reference Frames
a very large number of people in science and Instability
engineering. It is, however, understood rather Apparent Change in Frequency
poorly by most -- including many mechanical Critical Speed
designers directly involved with the creation of Shaft Flexibility vs Mount Flexibility
new rotating systems. Accordingly, the ap- Shaft Damping vs Mount Damping
proach taken by the authors has been to attempt Effects of Gravity

-•,ý ,; comprehensive and precise, without at- Progressive-Regressive Whirl
tempting to be complete. Summary

Chapter 3 - Brief Review of Experience:
Following an introduction, the monograph con- Lateral Shaft Problems
tains six topical chapters. These are devoted General
to three main topics: lateral motion, coupled Influence of Certain Parameters:
lateral-torsion motion, and balancing. The Linear Effects
latter two subjects are treated in two separate Influence of Certain Parameters:
chapters. Since the preponderance of existing Nonlinear Effects
literature deals with the first subject, and be- Prediction Methods
cause several important subphenomena must
be treated within the context of "lateral motion," Chapter 4 - Mathematical Foundations:
four chapters are devoted to that subject. These Lateral Shaft Problems
chapters attempt to present physical descrip- Basic Causes of Unstable Shaft Motions
tions of the phenomena, to review important Methods for Predicting Instabilities
results, and to introduce the reader to the
mathematical foundations. Stability and reso- Chapter 5 - Forced Bending Response and
nance are dealr with extensively, and forced Transition through Critical:
response both at nonresonant conditions and in Lateral Shaft Problems
the presence of variable operating speed are Forced Steady State Response
discussed briefly. The examples chosen for Response during Transition
description in physical terms are the simplest, Effect of Damping on Transition
both conceptually and mathematically, w h i c h Transition through Secondary Critical Speed
could be thought of to illustrate the phenomena
in question. The mathematical foundations are Chapter 6 - Coupled Bending and Torsional
presented with sufficient rigor to provide both Motion
insight into realistic cases and a jumping off Pure Torsional Motion
point from which someone familiar with engi- Coupled Critical Speeds
neering analysis (but not necessarijy with rota- Free Coupled Vibrations: Natural Frequw-cies
tional dynamics) can develop a useful capability Effect of Torque Loading
in thi:s field. Instabilities

Chapter 7 - Balancing
An extensive bibliography is presented including Three Classes of Imbalance: Static, Dynamic,
more than 540 references. These are cross- and Flexible Shafts
referenced in several index forms; for example, Balancing Methods and Theory
by author and by subject. In discussing the New Concepts in Automatic and Self-Balancing
important phenomena encountered with typical
shaft s y ste m s, references to the extensive Chapter 8 - Conclusions
literature are made throughout the text in
order to allow the reader to pursue t he com- References
plete, detailed treatments which could not be
included in this review of the subject. °
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REVIEWS OF MEETINGS

AS.IIE 91ST WINTER ANNNUhL MEETING All squared terms are without directional sen-
AND ENERGY SYSTEMS EXPOSITION sitivity.

Samuel Levy, Chairman of the ASME Applied
29 November - 3 December Mechanics Meeting, was the toastmaster of
New York, N.Y. the Applied Mechanics Dinner held at the Men's

Faculty Club of Columbia University. The
Timoshenko Medal was presented to Professor
James Stoker by George Carrier. Professor

The 91st Winter Annual Meeting of ASME con- Stokers' speechon a personalview of the theory
tained many sessions of interest to practicing of elasticity traced his beginning as an under-
shock and vibration engineers, inciuding theme graduate at Carnegie Tech. under Max Frocht

Ssessions on noise and bloengineering. It was with "watered down elasticity" (strength of
an eventful meeting held at the New York Hilton materials) f:. the present. His description of
and the Sheraton Park Plaza Hotels in New York an interesting applied mechanics problem noted
City. Despite the current economic situation that it should include some mathematics and
the attendance was near that of other years. A some mechanics. His personalview is that too
special symposium on noise abatement in indus- many problems are "invented" and that matrix
try was held in conjunction with this meeting. formulation would suffice for solution of prob-

lems rather than using the more abstract tensor
notation. In addition he went on to saythat

For the shock and vibration engineer, the Robert so m e of the presently used abstractions are
Henry Thurston Lecture by J. P. Den Hartog invalid.
was the highlight of the meeting. He was intro-
duced by . Plunkett who gave the opening remarks.
As always, J. P. Den Hartog's presentation was There were many interesting sessions pertain-
entertaining, imaginative, and informative, and ing to sound, shock and vibration theory and
teuched such interesting case histories as the applications. The Pressure Vessels and Piping
Tacoma narrows bridge, the pogo effect on Division sponsored a paneldiscussion on large-
liquid fuel rockets, the gateway arch in St. Louis scale generalcomputerprograms. The panelists
and a new acoustic particle coagulator used as were R. H. MacNeal (MacNeal-Schwendler
an antipollution device. He described the fluid Corp.) P, V. Marcal (Brown Univ.), R. J. Melosh
phenomena known as Karman vorticies that in- (Philco Ford Corp.), and J. Coinors (Mass.
duced the Tacoma narrows failure. He noted Inst. Tech.). R. H. MacNeal discussed large-
the rather interesting fact that da Vinci identified scale programs for dynamic analysis of random
t h i s phenomenon in 1480. I n addition, the St. loading and referred to the NASTRAN program.
Louis gateway arch is subject to the same phe- NASTRAN is a large capacity, finite element
nomena If the wind is blowing in the proper di- computer program capable of performing static
rection. His revelation of a future vibration and dynamic analyses. It uses the latest tech-
application to pollution control in the form of niques in modeling and numerical calculation.
an acoustically resonating column tuned to get P.V. Marcal discussed the latest techniques
170 dB noise level from a 400 Hz excitation was and uses of nonlinear finite element analysis as
interesting. H i s lecture concluded w i t h the they apply to static problems. R. J. Melush
novel Pentateuch formula which was derived to discussed the types and magnitudes of errors
find the stability of a rotating hollow shaft with that occur in finite element digital computer
internal and external flow subjected to endtwist processing.
and end thrust:

2 Vex 2 The Heat Transfer Division sponsored a session
+c T +2( I)2Vi)2 (1Vex) on flow induced vibrations in heat exchangers.

H. Kerner Smith discussed vibrations in heat
where exchangers for nuclear service from the stand-

point of failure mechanisms in heat exchanger
PC= critical end thrust (Euler), tubes and methods of avoiding vibrations in the
Z = critical speed, early design stage. Harry A. Nelms discussed
T = critical twist (Gzeenhill), some of the flow inducedvibration problems as-

socitated with the design of heat exchangers for
Vt nuclear service and reviewed some causes of A
Vexc = critical external flow. failures. Richard Gerlach and Franklin Dodge11N



REVIEWS OF MEETINGS

presented a critique of -ata used for flow in- The Desiga Engineering and Aviation D nd Space
duced vibration calculations and a new technique Divisions jointly sponsored a panel discussion
for obtaining data for more meaningful flow in- on noise control in product design. Some of
duced vibration calculations. S. S. Chen, the principles and requirements for reducing
G. S. Rosenberg and Martin W. Wambsganss noise inthedesignofmachineryandtheapplica-
presented an analysis of tube baffle impact during tion of isolation and damping to the control of
heat exchanger tube vibration and an application product noise were discussed. The application
to design. of mechanical signature analysis tothe control

of noise in mechanical equipment and some ex-
amples of techniques that cam be applied to the

F .ymond Hlouche described the characteristics control of noise in existing equipment were
of histrumentation for vibration measurements discussed.

',in nuclear reactor components. H. J. Connors
discussed the rmtechanism of self-excited vibra-
tions of heat exchanger tubes. Y. N. Chen dis- The last of the three noise symposia included a
bussed flow induced vibrations in tube bundles discussion of fluid flow noise scurces, examples
ivith cross and parallel flows, of the use of vibration isolation to reduce trans-

mitted noise, the application of vibration damp-
ing treatments to the control of noise, and a

Tie Design Engineering andApplied Mechanics discussion on specifications for the measure-
Divisions jointly sponsored the f i r s t theme ment of noise and noise radiated from mechani-
session on the interaction of sound and struc- cal equipment.
tures. These papers were concerned with
transducers, structures and enclosures sub-
jected to noise sources. Specifically, the In the important field of machine balancing,
transmission of sound and vibration through Neville Rieger gave a paper on the unbalanced
panels and tie beams was analyzed using the response of an elastic rotor in damped flexible
method of statistical energy analysis. The bearings at supercritical speeds. This tech-
sound tram;mission through an elastic enclo- nique has proved tobe the first really practical
sure closely coupled to a noise source w a s method for balancing flexible rotors.
analyzed by M.C. Jur.ger. Hispaper dealt
with the problem of reradlated noise from the
acoustically excited pan e Is of a machinery A series of theme sessions on biomechanical
enclosure, and human factors a n d the dynamic response

of biomechanical systems proved to be interest-
ing and comprehensive. Papers on investigations

The ASME Policy Board, ASME General En- that quantify the mechanical characteristics of
gineering and Industry Departments, and the human joints and bones were presented by joint
Institute of Environmental Sciences sponsored engineer-medical research teams. The use of
the second in a series of three noise symposia. the digital computer to simulate body response
This session considered the problem of noise u n d e r shock and x ')ration environments was
measurement. A mobile acoustical laboratory discussed.
and a s y ste m for areawide measurement of
aircraft noise were described. Some examples
of noise measurements through the use oftbe noise Other sessions con, ined a wealth of shock and
measurement systenr. were given. Louis Suther- vibration related pal, .rs. A complete program
landdiscussed standards foi systems for meas- listing of shock and vibration papers was given
uring industrial or community noise. He dis- in Volume 2. No. 11 of the DIGEST.
cussed existing standards, where standards
are needed, critical parameters in noise meas-
urements, the role of noise measurement as R. Volin
opposed to noise monitoring, and the charac-
teristice of noise measurement systems. R. Eshleman

Some of the practical aspects and pitfalls of
noise measurements and techniques for ob-
taining noise measurements in the vicinity o f
operating machinery were discussed.
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SHORT COURSES

JANUARY Contact: P.O. Box 24902, Con- FEBRUARY
tinuing Education in Engineering
and Sciences, University Exten-
sion, UCLA, Los Angeles,

VIBRATION AND SHOCK Calif. 90024 MODERN PHOTOELASTIC
TESTING STRESS ANALYSIS
Place: Los Angeles, Calif. TECHNIQUES
S Dates: jan. 11-15 Place: Malvern, Pa.
Objective: The course is designed DESIGN OF ADVANCED Dates: Feb. 8-12
for quality assurance, evalua- COMPOSITE STRUCTURES Objective: The ways in which
tion:and test personnel who are Place: University of California(IA) photoelasticity is used to solve
concerned with maximum re 1i- Dates:Jan. 18-22 industrial problems will be em-
ability of missiles, aircraft, Objective: A comprehensive re- phasized. Modern model making
subm•rines, electronics, pro- view of industry methods for de- techniques, automated methods
cess industries, etc., where signing and assessing the payoffs for data collection, and a new
vibration and shock are hazard- of aerospace structures with ad- concept in stress and design
ous environments. The seminar vanced composite materials will analysis using aluminum filled
concentrates on modern labora- be given. Emphasis w i ll be on epoxy models will be explored.
tory practice, equipment and practical aspects. Contact" Photolastic, Inc.,
techniques with a minimum of Contact: P. 0. Box 24902, Con- 67 Lincoln Highway, Malvern,
theory and mathematics. tinuing Education in Engineering Pa. 19355

Contact: Tustin Institute of Tech- and Sciences, University Exten-
nology, Bic., Box Q, Santa sion, UCLA, Los Angeles,
Barbara, Calif. 93102 Calif. 90024 MARCH

DESIGN OF STRUCTURES FOR ENVIRONMENTAL SYSTEMS AIRCRAFT NOISE, THEORY
DYNAMIC LOADS ANALYSIS AND APPLICATIONS
Place: University of California Place: University of California(LA) Place: University of Tennessee
Dates: Jan. 9-Mar. 27 (San Dates:Jan. 18-22 Dates: Mar. 15-19
Francisco); Jan. 11 - Mar. 29 Objective: Integrated lectures and Objective: The present knowledge
(Berkeley) discussions by leading specialists on aircraft noise, its generation,
Objective: A 12-wk seminar (one will cover mathematical and sta- effects and control will be
meeting per week) will be given tistical models in environmental surveyed. The emphasis of the
on the behavior and d e sign of science, economic and institu- discussion will be on the under-
buildings under dynamic loadings tional aspects of environmental standing of the physical nature of
such as earthquake, wind and problems, systems ecology, sys- the noise sources based on avail-
blast. Emphasis will be placed on tems analysis and its application able test and measurement data.
the earthquake-resistant design to problems of regional water Aszjoint effort withthe Technical
of conventional frame buildings quality management, solid waste University in Aachen, Germany,
and shear wall structures, disposal, air pollution control, this short course will bepresented

Contact: Continuing Education in and environmental acoustics, by lecturers from Europe andtheContct: ontiuin Eduatio inUnited States.
Engineering, University of Contact: P. 0. Box 24902, Con-
California Extension, 2223 Fulton tinuing Education in Engineering Contact: M. J. Maynard, Manager,
St., Berkeley, Calif. 94720 and Sciences, University Exten- Short Course Program, The

sion, UCLA, Los Angeles, University of Tennessee Space
Calif. 90024 Institute, Tullahoma, Tenn.

37388
ANALYTICAL FRACTURE
MECHANICS
Place: University of Califorda(LA)
Dates: Jan. 18-22
Objective: Elementary and ad-
vanced aspects of analytical frac-
ture mechanics will be reviewed
to provide a sound basis for prac-
tical or academic investigations
of fracturing.
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Note: Copies of articles abstracted are not available from the Shock
and Vibration Information Center (except for those generated by
SVIC). Inquiries should be directed to hbrary resources, authors,
or the original publishers. Reports may be ordered from the
National Technical Information Service, Operations Division,
Springfield, Virginia 22151.

SANALYSIS AND DESIGN METHODS reach the first peak, when the spring charac-
teristic is a general function of the difplacement.
The results are presented graphically in non-

ANALOGS AND ANALOG COMPUTATION dimensional form.

71-1 71-3
SIMULATION OF SOUNDS OF HARPSICHORD STRUCTURAL OPTIMIZATION IN THE
AND PIANO BY ELECTROMAGNETIC DYNAMICS RESPONSE REGIME: A COMPU-
STRING STIMULATION TATIONAL APPROACH
Miller, H.; Schildbach, M.; and Wolf, D. Fox, R. L. and Kapoor, M. P.
Acustica 23 (3), 156-159 (1970) AIAA J. 8(10), 1798-1804 (Oct. 1970)
Key Words: electromagnetic excitation, strings Key Words: dynamic response, framed struc-

tures, natural frequencies, optimization,
An electromagnetic system used for the actua- structural synthesis
tion of string vibrations is described. The
timbre can be tuned to that of a harpsichord or A structural optimization problem with design
a piano. As the input voltage a unit step func- requirements on the dynamic response and fre-
tion I s suitable f o r generating harpsichord quency chLracteristics of the structure is solved.
sounds, while the same input function filtered A central concern of this work is the problem
by RC-lowpass networks yields sounds very inherent in treating systems with many degrees
similar to those of a piano, of freedom. A model of a simple planar truss-

frame with both distributed and concentrated
m ass Is used f or an exploratory study. A
"direct" optimization method (the method of

ANALYTICjiL METHODS feasible directions) which consists of a design-
(Also see No. 76) analysis cycle is used. Computationaily effi-

cient schemes are given for the necessary de-
rivatives of maximum response and natural

71-2 frequency. Numerical examples are given and
STEP FUNCTION RESPONSE OF NONLINEAR computational effectiveness is indicated.
SPRING MASS SYSTEMS IN THE PRESENCE
OF (DULOMB DAMPING
Bapat, V.A. and Srinivasan, P. 71-4
J. Sound and Vibration 13 (1), 51-65 FRAMED DOME DYNAMICS AND LOWER
(Sept. 1970) BOUND TO THE FUNDAMENTAL FREQUENCY

Key Words: Coulomb frit"on, mass-spring OF STRUCTURAL SYSTEMS
systems, nonlinear systems, transient Hsu, Michael Bing-sunresponse City Univ. N.Y., 156 pp (1970)

Key Words: distributed parameter method,
The transient response of nonlinear spring domes, free vibration, lumped parameter
mass systems with Coulomb damping, when method, matrix methods, mode shapes,
subjected to a step function is investigated, natural frequencies
For a restricted class of nonlinear spring char-
acteristics, exact expressions are developed A new method for obtaining a lower bound to the
for the first peak of the response curves, and smallesteigenvalue of a real, finite, linear sys-
the time taken to reach it. A simple, yet accu- temnisdeveloped. The computation of this lower
rate linearization procedure is developed for bound involves only elementary operations on
obtvaining the approximate time required to
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the elements of the coefficient matrix of the sys- A new development in panel flutter concerns the
tern. The method is used for finding a lower structural optimization of panels in order to

k bound to the fundamental frequency of structural minimize the panel weight while satisfying cer-
systems. A dynamic experiment of the framed tain flutter requirements. An approximateSdome is designed and performed in order to method for obtaining the optimal panel design
study the accuracy 3f natural frequencier is proposed and "alculatiors are perfo-roed fer
obtained from lumped parameter analysis, a panel with segmentwise constant mass d i s -

Univ. M)crofilms 70-12,657 tribution. The results; while only approximate,
S(Ann Arbor, Mich.) indicate that significant savings in weight m a y

be possible with the use of nonuniform panels.
AD-709955

71-5
SELECTION OF THE PARAMETERS OF
CURVILINEAR CONCENTRATORS TO GIVE 71-8
A PREDETERMINED OSCILLATION THE EFFECT OF LOCAL MODIFICATIONS
FREQUENCY ON THE EIGENVALUES AND EIGENVECTORS
Buturovich, 1. Kh. and Kim, K. D. OF DAMPED LINEAR SYSTEMS
Soviet Physics - Acoustics (Translation of Pomaial, Robert John
Akusticheskii Zhurnal) 16(2), 179-183 Mich. Tech. Univ., 118 pp (1969)
(Oct. /Dec. 1970) Key Words: eigenvalue problems, linear

Key Words: instrumentation, ultrasonic systems, modeling
vibration

An analytical procedure for determining the ef-
A method isgiven for calculatingthe parameters feet of localized stiffness, damping, and inertia
of curvilinear ultrasonic concentrators where: changes on the eigenvalues and eigenvectors of
the axis of the concentrator represents an arc linear vibration systems is presented. In this
of a circle of radius r; the radial dimension of procedure the known eigenvalues and eigenvectors
the cross section of the concentrators is much of an unmodified system are used to generate
smaller than the radius of curvature (b<0.2r); the modified eigenvectors and modified charac-
and the axis of the concentrator moves in the teristic equation directly, without solving the
symmetry plane. The analytic method is geared modified eigenvalue problem explicitly. The
todeterminethe resonance length of the concen- primary advantage of this method lies in the
"trator and vibration amplitude distribution over ease with which the solution of the modified
its length at a given frequency, system is obtained; the modified characteristic

equation is of a form which is ideally suited to
7-numerical solution by the Newton-Raphson itera-
S71-6 tion procedure. and the modified eigenvectors
THE VIBRATION OF SIALLOVW SHELLS are evaluated by simple matrix multiplications.
HAVING POINT SUPPORTS Univ. Microfilms 70-13, 559
Nemergut, Paul J. (Ann Arbor, Mich.)
Wright-Patterson AFB, 27 pp (July 197C)

K•y Words: numerical techniques, shiallow
r-• shellsshlsINTEGRAL TRANSFORMS

A method of analyzing a simply-supported t*'in (Also see No. 37)
shallow with a point support located interior to
the boundary is presented. The problem reduces -t
to fi-ading a stress function from which all q1uan-
tities may be determined. Application of the FORCED TORSIONAL VIBRATIONS OF
boundary and continuity conditions gives the i6 THIN SPIIEiICAL SHELLS
necessary equations for solutions. A numerical Anderson, Gary
procedure is presented w hi c h involves t he Watervliet Arsenal, 35 pp (June 1977A
inversion oi a 16 x 16 matrix. Key Words: boundary value problems, forced A
AD-710208 vibrations, spherical shells, torsional

vibrations

7 -7 The axisymnimetric torsional oscillations of a -•

STRUCTURAL OPTIMIZATIO1N OF A PANEL thin spherical shellare determined. The method
FLUTTER PROBLEM of determination ofthe Integral transform which
Plaut. Raymond H. is appropriate to remove a certain combination -

Brow. Univ., 16 pp (1970) of partial derivatives from a partialdifferential
Key WVords- flutter, optimization, panels equation subject to a variety of boundary or

"boundedness conditions is developed.
AD-711525
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STATISTICAL METHODS STABILITY ANALYSIS
(Also see No. 22) (Also see Nos. 34, 54, 91, 98)

71-12

VARIATIONAL METHODS THE EXISTENCE AND STABILITY OF
(Also see Nos. 69, 70) PERIODIC SOLUTIONS FOR QUASI-LINEAR

n-th ORDER DIFFERENTIAL EQUATIONS
Fabry, C.
Intl. J. Nonlinear Mech. 5_(3), 447-463

NONLINEAR ANALYSIS (Aug. 1970)
(Also see No. 21) Key Words: periodic response, stability

71-10 The existence and stability of periodic solutions
of quasi-linear n-th order differential equations

ON THE PROBLEM OF VIBRATIONS OF A is studied by a method closely related to that of
SYSTEM WITH A NONLINEAR CHARACTER- Cesari-Hale. When the method is applied to
ISTIC SUBJECTED TO A P4NDOM FORCE these equations in nonmatrix form, it is possible
Dimentberg, M. F. to use certain classical methods in the theory
Prikladnaya Mekhanika 2(10), 10-15 (1966) of ;inear differential equations, particularly the

Key Words: random excitation method of complex amplitudes (or the method of
impedances) and the development into Fourier

The combined probability density is found for series. (In French)
the generalized coordinate, velocity and a c -
celeration in a system with a piecewise linear
characteristic. The system is subjected to an
exponentially correlated random disturbance. DYNAMIC SNAP-THROUGH STABILITY
In additon, an estimate is given for the error OF THE NONLINEAR, ELASTIC, PLANE
of the approximate value of the mean square of STRAIN, FREE VIBRATION OF A SHALLOW
acceleration for a system with a continuous CYLINDRICAL SHELL
characteristic having a bounded derivative. Ovenshire, Lee James

Univ. Mich., 154 pp (1969)
Key Words: cylindrical shells, equations of

NUMERICAL ANALYSIS motion, free vibration, shallow shells

(Also weO NoB. 25, 58, i9, 61) The dynamic snap-through stability cr the non-
linear, elastic, plane strain, free vib.ati on of

71-11 a shallow circular cylindrical shell is studied
using equations of motion based upon thin-shelled

A CORRECTION OF THE APPROXIMATE theory. Critical configurations, i.e., solutions
SOLUTION OF THE PROBLEM OF NATURAL to the equations of motion that are independent
VIBRATIONS OF A PLATE IN A NONCLASSI- of time are derived for general linear elastic
CAL FORMULATION bending restraints against rotation at the bound-
Klyuchnikova, V. G. aries. The strain potential energy for configu-
PrIkladnaya Mekhanika 2.(12), 27-3,/ (1966) rations with no bending restraints is presented.

Key Words: approximations, flexural vibrations, Based on the energy of the critical configurations,
method of integrodifferential equations, natural a. stability sufficiency condition is determined.
frequencies, plates Univ. Microfilms 70-14,611

(Ann Arbor, Mich.)
The problem of determining the lowest fre-
quency of natural vibrations of a platk with free 71-14
boundaries is solved by the method of integro-
differential equations. The latter are obtained BOUNDS ON MOTIONS OF SOME LUMPED
from the general equations of the three- AND CONTINUOUS DYNAMIC SYSTEMS
dimensional theory of elasticity without any Plaut, R.H. and Infante, E. F.
auxiliary statics and geometrical hypftheses Brown Univ., 31 pp (1970)
and assumptions. The functions apprnximating Key Words: arches, columns, continued
displacements are chosen in the form of series parameter systems, lumped parameter
arranged by powers of the z coordinate. These systems, pLttes, stability
functions are also obtained analytically on the
basis of the algorithm of N. A. Kil'chevskii. Lumped and continuous systems subjected to
The boundary conditions are satisfied by means general dynamic loads or perturbations are con-
of a correcting load applied to thi-, edge surface sidered. The motions of these systems are as-
of the plate. sumed to be described by ordinary or partial
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differenaial equations with time-varying forcing graphical method of determination o f natural
terms. Upper bounds on the motions are de- frequencies of periodically supported beams
rived with a Lyapunov type approach. The re- and plates.
sults are applied to some structural dynamics
problems; displacement bounds are determined
for elastic columns, plates, and arches; and
,u.fic!ent conditions f(,r stability of arc te-- DIGITAL SIMULATION

against snap-through are obtained. (Also see Nos. 80, 101, 102)
AD-710787

71-17
"STRUCTURAL DYNAMICS PROGRAMS

MODELING Murray, M. T.
(Also see Nos. 8, 14, 17, 36, 44, 55, Admiralty Res. Lab. (England), 33 pp

72, 78, 80, 88, 104, 105) (May 1970)

Key Words: computer programs, mode shapes,
natural frequencies, structural analysis

71-15 A number of programs written over the past
FREE VIBRATION OF RING-STIFFENED few years which calculate the dynamic behavior
CYLINDRICAL SHELLS of structures are described. Some of the pro-
Al-Najafi, A.M. J. and Warburton, G.B. grams are involved with the calculation of the
J. Sound and Vibration 13 (1), 9-25 (Sept. 1970) mass and stiffness properties of structures;

some with the calculation of resonant frequen-
Key Words: circular shells, cylindrical shells, cies and modes and response to the time-
finite element techniques, mode shapes, natural dependent forces; and others with the prepara-
frequencies tion of data and the analysis of results.

AD-711519
The finite element method, using axisymmetric
elements, is used to investigate the naturalfre-
quencies and mode shapes of thin circular cyl- 71-1 8
indrical shells with stiffening rings. Each DESCRIPTION AND ANALYSIS OF THE
stiffening ring is treated as a discrete element. DYNAMICS OF SERVOMECHANISMS WITH
The method has the advantage over most ap- THE AID OF MATHEMATICAL MODELS
proximate analyses of being applicable to any Zorin, E.V.; Kozlov, O.A.; and Shutkin, L.V.
shell and ring configuration. It is shown that Wright-Patterson AFB, 22 pp (July 1970)
natural frequencies can be determined with
adequate accuracy in comparison with new and Key Words: hydraic systems, mathematical
previously published experimental results, and models, pneumatic springs
with the few available exact theoretical results.S~The dynamics of a hydraulic or pneumatic servo-

system (which differ onlyintheir working fluid)
71-16 are examined. By introducing the concept of
NATURAL FLEXURAL WAVES AND THE hydraulic or pneumatic springs, it Is possible
NORMAL MODES OF PERIODICALLY to obtain in a convenient form a unified versionSUPPORTED BEAMS OF PE ALLY of the equations of motion of servosystems em-
SUPPORTED BEAMS Aploying a liquid or a gas as the working fluid.
Gupta , G. Sen

StThe system equations are linearized with re-SJ. Sound and Vibration 13 (1), 89- 101
(Sept. 1970) spect to the equilibrium state of the working

fluid and are defined by a given relation. TheSKeyWords: beams, natural frequencies, analysis leads to an equation describing aSnormal modes, plates closed-loop servosystem for zero initial condi-
tions which can be written In a given form.

The free vibration of beams andiplates over sup- AD-711163
ports at regular intervals is analyzed using the
knowledge of natural flexural waves and the as-
sociattd propagation constants. It is shown that
the conditions at the extreme ends of a finite,
periodic structure, permit only certain discrete
values of the propagation constant. These, in
turn, di ctate the distribution of natural fre-
quencies in the frequency spectrum. The whole
analysis, when compared to the conventional
methods, simplifies the problem of determina-
tion of natural frequencies of such structures,
gives a better physical understanding of the
phenomenoi, involved, a n d affords a simple
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OESIGN INFORMATION EXCITATION
(Also see Nos. 85, 86, 106)

ACOUSTIC
(Also see Nos. 20, 47, 52, 63, 64, 67,

DESIGN TECHNIQUES 81, 82, 90, 95, 110)
(Also see No. 73)

71-22
ANALYSIS OF THE FREQUENCY DEPEND-

SURVEYS ENCE OF THE SOUND PRESSURE IN AN
(Also see No. 53) ENCLOSURE

Baron, S.B. and Yanpol'skii, A.A.

7 1-19 Soviet Physics - Acoustics (Translation of
Akusticheskii Zhurnal) 16 (2), 163-107

THE VIBRATION MONITOR (Oct. /Dec. 1970)
Blake, Michael P. Key Words: acoustic measurement, sound
Power Transmission Design 12(10), 82 transmission, statistical analysis
(Oct. 1970)

Key Words: vibration monitors Pr em i se s to the statistical analysis of the
frequency dependence of sound pressure in an

Vibration analyzers are briefly defined, de- enclosure are discussed. Fundamental
scribed, and areas of application are discussed. parameters pertinent to the theory of sound am-
The role of analyzers in fault identification and pliflcation and acoustical measurements in an
mass balancing Is emphasized. enclosure are calculated. The results of cal-

culations of the analogous parameters of the
sp a c e fluctuations of the sound pressure are

71-20 summarized.
THE PRESENT STATE OF THE ART IN THE
MEASUREMENT OF SOUND -- PART 2: 7123
AUTOMATIC ANALYSIS AND DIGITAL
PROCESSING OF ACOUSTIC MEASURING ACOUSTIC WAVES TRANSMITTED THROUGH
QUANTITIES LIQUID CYLINDERS
Blisser, Heinz Brill, D. and Uberall, Herbert M.
VDI Zeitschrift 112(18), 1222-1227 (1970) Catholic Univ. Am., 65 pp (Jan. 1970)

Key Words: acoustic measurement, data Key Words: elastic waves, liquids, wave
reduction, frequency analyzers propagation

The results of a frequency analysis can be used The acoustic field of a plane wave incident on
to compute loudness level. In the case of sounds an elastic cylinder may be decompcsed into two
which change with respect to time, real-time parts: one having the form of cirdumferential
analyzers should be employed for the automatic waves propagating around the cylinder; the other
frequency ,nplysis. Electronic data processing obeying the high-frequency 1 im it the laws of
equipment serves to reduce the large amount of geometrical optics. For the simplcr case of
data obtainable in this fashion. (In German) a liquid cylinder, the geometrical part is stud-

ied, and is shown to consist of the specularly

71-21 reflectedwave, and of transmitted waves which
traverse the cylinder along a secant, possibly

CURRENT STATUS OF RESEARCH ON undergoing one or more internal reflections.
NONLINEAR PHENOMENA
Melkus, Harald A.
Holloman AFB, 58 pp (June 1970) 71-24
Key Words: nonine--r response, reviews RESPONSE OF A CYLINDER TO RANDOM

SOUND IN THE CONTAINED FLUID

A short review of recent accomplishments in the Fahy, F. J.
generalarea of nonlinear oscillatory phenomena J. Sound and Vibration 13 (2), 171-194
Is presented. Scientists from 17 nations met in (Oct. 1970)
the USSR (Aug. -Sept. 1969) toexchange ideas on Key Words: acouetlc response, cylindrical
the theoretical background and practical tools shells
available in the analys: ' of nonlinear processes.
Current status, recent progress, and evolving Coupled oscillator thoory is used to estimate th
trends are discussed as reflected by the response of a closed cylindrical shell to broad-
proceedings of this conference. band sound in the enclosed air. A frequency
AD-709870
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is determined above which the response is the The generation of sound of a periodical effusion
same as that to an externally incident, diffuse process is investigated theoreticallyand experi-
sound field. It is termed the lower limiting mentally in a large subsonic velocity region.
frequency. Below this frequency, the response With increasing critical-velocity ratios the
falls below that produced by external excitation. momentum source portion becomes more and
Two different cylinder and acoustic boundary more efficient. in addition to the vohlime source
conditions are investigated experimentally, portion. (In Gevman)

71-25 71-28
SOUNDPROOFING BY MEANS OF DUCTS AN INVESTIGATION OF REFLECTION OF
WITH CURVED POROUS WALLS ACOUSTIC PULSES FROM SHELLS AND OF
Grigor'yan, F.E. SHALLOW WATER SOUND TRANSMISSION
Soviet Physics- Acoustics (Translation of Marshall, Samuel W. and Goodman, Ralph R.
Akusticheskii Zhurnal) 16 (2), 192-196 Colo. State Univ., 54 pp (May 1970)
(Oct. /Dec. 1970) Key Words: sheill, eund transmission, water

Key Words: acoustic lining§, ducts, noise
reduction, power plants Approaches to education in acoustics and results

stemming from research have been compiled.
The solution of the problem of sound propaga- Research results inchide the first observation
tion in a curved layered-inhomogeneous medium and detailed examination of the Rayleigih type
is applied to the case when certain layers are circumferential waves on sclid elastic cylinders,
absorbing. With the aid of numerical-analytic calculations to determine the properties of these
techniques it is shorm that under proper condi- waves, and a demonstration of the measurement
tions the curvature produces a significant of properties of the sea bottom by shallow
increase in t.e attenuation factor for the acoustic refractions. M ost of the details o f
fundamental normal mode. The results of the these results are included.
study can be used in the control of noise propaga- AD-708571
tion in the air ducts of power plants, ventilating
systems, etc.

71-29

71-26 PROPAGATION OF JET ENGINE NOISES~NEAR A POROUS SURFACE
PULSED ULTRASONIC CAVITATION --

PART 1: CAVITATION NOISE, LUMINESCENCE Oncley, P. B.
STHRESHOLDS, NUCLEI DISTRIBUTION J. Sound and Vibration 13 (1), 27-35

rntG(Sept. 1970)SIlernetti, G.

Acustica 23 (4), 189-207 (1970) Key Words: aircraft noise, measurement
Key Words: cavity resonance, fluids techniques

Cavitation Is obtained in a 160 cc distilled water Acoustic measurements, except those made in
sample bypulses of ultrasonic waves. Threshold anechoic chambers, are often complicated by
transducer voltage for sound noise and for lumi- the characteristics of bounding surfaces. For

elexample, in jet aircraft engine noise measure-S~nescence are operationally defined by means of
slow cycles of pulse height modulation. The ments, a frequency-dependentpatternofmaxima

eand minima results from interference of directexperimentally found sound noise threshold sur-
face N = NS (V, r), and luminescence threshold andreflectedwaves. When the surface is hard,
surface N = NL(V, -r) divide the pulse parameter like concrete, this pattern is readily conputed,
space in three regions: o, (V, T, N• <N , but over dirt and grass rather puzz)ing resultssno cavitation region; o, (V. •, NL<• N <, are often obtaýned. It is shown that there ap-
sound noise cavitation region of "sktable" cavita- parently anomalous effects, sometimes called
tion, within the two threshold surfaces; and 1, "ground absorption" or "extra-atmospheric
S(V, •r, 1• N < NL), luminescence~ cavitation attenuation" can be explained by adding to con-
regicn of'"stable"-and "transient" cavitation. ventional interference frequency computations

the phase delay introduced on near-grazing re-
flection. This phase delay can be computed

71-2 7 after the analysis of Rudnick or Ingard if imped-
SSOUND GENERA'lION OF A PULSATING ance arid -ropagation constants are known.
EFFUSION PROCESS
Ising, H. _
Acustica 23 (3), 142-148 (1970)
Key Words:- sound waves
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PERIODIC SHOCK
(Also see Nos. 2, 39, 51, 65, 83, 96)

71-30
PERIODIC MOTIONS OF ARBITRARILY LONG
PERIODS IN .'ONLINEAR SPRING-MASS SELF-EXCITED
SYSTEMS (Also see Nos. 7,.70, 93, 107)
Harris, T.C.
Intl. J. Nonlinear Mech. 5(3), 491-500
(Aug. 1970) 71-32

Key Words: mass-spring systems, multidegree- UP-CONVERTER PARAMETRIC AMPLIFICA-
of-freedom systems, periodic excitation TION OF ACOUSTIC WAVES IN LIQUIDS

Berktay, H.O. and Al-Temimi, C.A.
The existence of an inflnite number of periodic J. Sound alid Vibration 13 (1), 67-88
motions of arbitrarily long (minimum) periods (Sept. 1970)
is established for Idealized spring-mass sys- Key Words: elastic waves, liquids, wave
tems of two and more degrees of freedom. A n propagation
essential requirement i s that the system con-
sidered by inherently nonlinear and that the An experimental investigAtion of the up-
linearized approximation be sufficiently non- converter type of parametric amplification is
resonant, reported, together with detailed analyses based

upon a simplified model of the field within the
interaction volume. The experimental and theo-
retical investigations a r e extended to c o v e r

RANDOM briefly the effects resulting from shadowing by
(Also see Nos. 10, '14) the mount of the pump transducer, and those

resulting from higher-order interactions a t

71-31 finite pump intensities.

THE EFFECT OF ENERGY DISSIPATION IN
THE MATERIAL ON THE VIBRATIONS OF 71-33
AN ELASTIC ELEMENT UNDER RANDOM PARAMETRIC RESPONSE OF NONLINEAR
EXCITATION ORTHOTROPIC PLATES
Goncharenko, V. M. Carter, Willie James
Prikladnaya Mekhanika 2(11), 90-96 (1966) Univ. Ill., 73 pp (1970)
Key Words: cantilever beams, elastic proper- Key Words: orthotropic plates, parametric
ties, one degree-of-freedom systems, random response, transverse shear deformation
excitation, structu' tl members, vibration
response Employing the assumptions of Von Karman, the

amplitude and the build-up of amplitude are in-
The vibrations of an elastic element with one vestigated for an orthotropic elastic plate, sub-
degree-of-freedom under the action of a random jected to an oscillatory in-plaie load. The re-
steady state Gaussian disturbing force are con- sulting nonlinear partial differential equations
sidered. The hysteresis loss in the material are solved using a modified Galrkintechnique.
is considered. The method of equivalent The effect of transverse shear on the boundary
linearization and a method based on inter- frequencies Is also investigated.
pretation of amplitude and phase as Markov Univ. Microfilms 70-13,267
processes are employed. The distribution of (Ann Arbor, Mich.)
amplitude probabilities in the steady state and
the mean-square reaction of the element are
determined. 71-34

STABILITY OF DYNAMIC SYSTEMS WITH
PERIODICALLY VARYING PARAMETERS
Crimi, Peter
AIAA J. 8(10), 1760-1764 (Oct. 1970)
Key Words: dynamic systems, satellites,
stability

A method for analyzing the stability of dynamic
systems, which are represented by a coupled
set of linear differential equations withperlodi-
cally varying coefficients, is presented. Re-
sults of calculations of the aeroelastic stability
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of a helicopter rotor in forward flight are in A study is presented ot the transverse forced
qualitative agreement with both experimental oscillations of a rigid infinite strip perfectly
and numerically derived data. bonded to the surface of an elastic half-space.

The force-displacement relationship. are ob-
-tained for vcrtiial, horizontal and r:ckin• vi-

S71-35 brations. The proulem considered is a dynamic
AUTOPARAMETRIC VIBRATIONS OF A mixed-boundary value problem, in which the
VIBRATION ISOLATING SYSTEM WITH A displacements are prescribed under the strip
NONLINEAR ELASTIC CHARACTERISTIC while the rest of the surface of the half-space
Ivovich, V.A. is traction tree.
Prikladnaya Mekhanil, 2(12), 76-81 (1966) Univ. Microfilms 70-14,304

Key Words: p'-rametric response, vibration (Ann Arbor, Mich.)

isolation
71-38

An investigation into the parametric interaction
oi vibrations of a nonlinear vibration isolating PIEZOELER CLYSTIN THE
system is reported. A condition is found for PRESENCE OF ULTRASONIC WAVES
w'lich natural vibrations along one of the gen- Mathur, S.S. and Gupta, P.N.

* eralized coordinates lead to a parametric ex-
citation of vibrations along another generalized Acustica 23 (3), 160-164 (1970)

coordinate. Key Words: piezoelectric materials, ultra-
sonic vibration

Exqpressions for second, third and fourth order
PH EN OMEN OLOG Y elastic constants have been obtained for piezo-

electric crystals. The method used is an ex-
tension of the treatment given by McMahorf for

ELASTIC the evaluatior of second and third order elastic
constants.

71-36

VERTICAL VIBRATIONS OF FOOTINGS 71-39
EMBEDDED IN LAYERED MEDIA EXACT SOLUTIONS OF SOME DYNAMIC
Kuhleineyer, Roger LeRoy PROBLEMS OF INDENTATION AND
Univ. Calif., 253 pp (1969) TRANSIENT LOAI. 1'NGS OF AN ELASTIC

Key Words: periodic response, finite element HALF-SPACE

technique, footings Thompson, John Carl
"Univ. Ill., 250 pp (1969)

A finite element method is developed for steady Key Words: elastic half-space, transient
state vibration analysis of semi-infinite elastic response
continuous systems. The infinite system is re-
placed by a finite system subjected to a stress- A modified form of the self-similar potential
equilibrium boundary condition; the boundary method developed by V. I. Smirnov and S. L.
stress is calculated from elastic wave theory Sobolev is usedto solve certain problems which
and acts as an energy absorbing mechanism. involve the frictionless indentation of a linearly
The finite model was applied to several founda- elastic half-space by a rigid die. Solutions,
tion vibration problems: results compared ex- which -re exact within the limits of the classical
cellently with existing solutions and new solu- theory of elasticity, are obtained for the early
tions were obtained from embedded footings and stages of contact for any problem in which the
for footings on layered media, surface of the die is smooth, and for problems

Univ. Microfilms 70-13,091 in which the die is wedge or conical in shape
(Ann Arbor, Mich.) and indents the half-space at a constant rate.

Also included is the general solution of two- and

three-dimensional problems which involvu tran-
71-37 sient loads acting at interior or surface points
APPLICATION OF sINGULAr INTEGRAL of a hon.ogenecus elastic half-space. The asymp-
EQUATIONS TO THE PROBLEM OF FORCED totic character of the disturbance in the vicinity
VIBIIATIONS OF A RIGID FCGUNDATION of the wave fronts and the surface wave is inves-
Luco, Juan Enrique tigated for both the two and three-dimensional
Univ. Calif., 94 pp (1969) problems in which the source of disturbance is
Key Words: forced vibration, ,oulations an impulse acting ontýe surface oe the half-space.

For the indentation problem the character of the
disturbance near the outer edge of contact is
also studied in detail.

Univ. Microfilms 70-13.514 vs
(Ann Arbor, Mich,)
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71-40 The free lateral vibration of a simply-supported
REFLECTION OF OBLIQUE SHOCK WAVES metallic beam under axial creep deformation is
IN EIASTIC SOLIDS considered. The constitutive law is formulated
Wright, Thomas W. with stress power functions In the primary and
Aberdeen Proving Ground, 70 pp (June 1970) secondary creep terms; the instantaneous linear
Key Words: shock waves elastic deformation is also included. For betterpKh yWs i c a I visualization, a nonlinear Maxwell-

The reflection of a finite elastic plane shock Kelvin model is used to represent the constitu.
wave at a plane boundary is examined. A semi- tive law. Analytical solutions for tle Maxwell-
inverse method of solution is used. Only angles Kelvin model and for the special models are
of incidence which are less than a critical angle obtained. Numerical r e s u at s for a stainless

are considered in detail. A simple existence steel and an aluminum alloyare also pre, ented
theorem is stated, critical angle cases are dis- and discussed.
cussed, and several simple examples are pre-
sented.
AD-710968 COMPOSITE

(Also see Nos. 25, 66, 68, 71)

INELASTIC
(Also see Nos. 13, 58, 91) DAMPING

(Also see Nos. 2, 31, 85, 86)
M1-41

SIGNIFICANCE OF STRAIN HARDENING AND 71-43
STRAIN RATE EFFECTS ON THE TRANSIENT
RESPONSE OF ELASTIC-PLASTIC SPHERICAL FREE AND FORCED OSCILLATIONS OF A
SHELLS DYNAMIC SYSTEM WITH "LINEAR
Duffey, Thomas HYSTERETIC DAMPING' (NONLINEAR
Intl. J. Mech. Sci. 12 (9), 811-825 (Sept. 1970) THEORY)

Caughey, T.K. and Vyayaraghavan, A.
Key Words: elastoplastic properties, spi erical Intl. J. Nonlinear Mech. 5(3), 533-555
shells, strain hardening, strain rate, transient (Aug. 1970)
response Key Words: forced vibration, free vibration,

Formulas describing the transient response of hysteretic damping, mathematical models

uniformly loadedthin spherical shells governed Using a nonlinear model of "linear hysteretic"
by elastic-plastic material laws are developed, damping proposed by Reid, a study Is made of
It is assumed that all points in the shell refer- the free and forced oscillations of a dynamic
ence surface undergo spherically symmetric system with "linear hysteretic" damping. Ideal
motion and that the shell undergoes either fully solutions are presented for both free and forced
elastic or fully plastic response at a given time. oscillations and compared with approximate so-
It is shown that realistic values of linear mate- lutions obtained by the Krylov Bogoliubov Van
rials t r a i n hardening and linear strain rate der Pol method.
sensitivity (rate-depend int yield surface) have
a significant effect on both dynamic and final
shell deflections.

FLUID
(Also see Nos. 24, 2b, 28, 32, 47, 53, 60. 107)

VISCOELASTIC
71-44

'i1-42 HYDROELASTIC VIBIRATION OF RODS
IN PARALLEL FLOW

LATERAL VIBRATION OF A NONLINEAR Kanazawa, Richard Mazumi
VISCOELASTIC BEAM UNDER INITIAL Univ. Ill., 157 pp (1969)
AXIAL TENSION
Cozzarelli, F.A.; Wu, J.J.; and Tang, S. Key Words: fluid-induced excitation,
J. Sound and Vibration 13 (2), 147-181 mathematical models, rods
(Oct. 1970) The vibration of rods excited by waier flowing

Key Words: beams, lateral vibration, parallelto the rodaxis is studied both theoreti-
viscoelastic properties cally and experimentally. The theoretical

studies present a mathematical model for the
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hydroelaotic rod and a method for evaluating an SOIL
equivalent viscous damping coefficient. The
analysis assumes that the rod is excited by a (Also see Nos. 85, 86)

random pressure field and, as a consequence,
that the rod vibration is random. The experi-
mental studies investigate the rod displacement EXPERIMENTATION
in fully-developed turbulence and downstream
from orifices. The experimental data are
processed by using digital methods of random DIAGNOSTICS
data analysis. (Also see No. 92)

Univ. Microfilms 70-13,372
(Ann Arbor, Mich.)

71-45 I NSTRUMENTATION
EXPERIMENTAL EVALUATION OF DESIGN (Also see No. 19)
METHODS FOR HARDENED PIPING SYSTEMS
(VOLS. I AND I1)
Kot, C.A.; Swatosh, J.J. ,Jr.; and
Wiedermann, A.H. 71-47
Huntsville Corps of Engr., 274 pp (Vol. I). VIBRATIONAL MODES OF THIN PIEZO-
634 pp (Vol. II), 59 pp (Summary Rept.) ELECTRIC QUARTZ DISKS IN FLUIDS
(Sept. 1970) GENERATING ULTRASOUND

Key Words: computer programs, experimental Schaaffs, W. and Franz, G.
results, piping Acustica 23 (4), 208-213 (1970)

The transient hydraulic pressure loads and Key Words: disks, flds, piezoelectric
pressure losses in simple piping systems and materials, thermal excitation, ultrasonic
elements caused by transient loads are investi- vibration
gated. Transient pressure loads are applied
either to the pipe proper or directly to the fluid When thin piezoelectri quartz disks vibrate in
within the pipe. A cursory analysis and computa- liquids and are radiating ultrasound, the liquid
tional comparison of the experimental data shows adjacent to the disk is heated according to the

that the data can be employed to evaluate the amplitude distribution of the vibration. The
prediction capabilities of present-day computer thermal images of the disks are made visible by

methods. usingthe schlieren technique. The investigation
extends to quartz disks of circular contour and
also of Straubel type boundary. (In German)

71-46
DRAG OF RECTANGULAR CAVITIES IN 71-48
SUPERSONIC AND TRANSONIC FLOW
INCLUDING THE EFFECTS OF CAVITY A TION PA SRESONANCE VIBRATION PATTERNS

McGregor, 0. Wayne, and White, Robert A. Zonkhiev, M.A.

AIAA J. 8 (11), 1959-1964 (Nov. 1970) Soviet Physics - Acoustics (Translation of
- Akusticheskii Zhurnal) 16 (2),'209-212

Key Words: cavity resonance (Oct. !Dec. 1970)

The drag of short rectangular cavities (length- Kay Words: holograpeic techniques, mode
to-depth ratios of 0.50-3.0) with turbulent shear
layers measured at transonic and supersonic A method for the preparation of interferometric
Mach nvmbers ro .3-3.n)is reported. The effect holograms with numerical evaluation of the am-
of cavity resonance increases the drag as much plitudes and phases of the vibrations of individual
as 250 percent, The frequency of the pressure points of a vibrating body is described. The
oscillations is best predicted by the vortex-wave method is used to determine these parameters
interaction model presented by Rositer. The for an AC-cut piezoelectric quartz plate at the
effects of external reinforcement of resonance frequenwies of longitudinal, contour, and shear
by reflection of radiated pressure waves are
examined. A new model for predicting the lower
bound of cavity drag (nonresonating cavity) is
presented.

4
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TECHNIQUES The construction and operation of a novel and
efficient energy dissipating device are described.
Frictional forces that convert kinetic energy to

71-49 heat are produced by impelling springs that ap-
ON NONLINEAR VIBRATIONS OF LIQUID IN plypressure between the bronze frictionplungers
A CYLINDRICAL CAVITY and the housing. A design example with given
Anosov, Yu, N. requirements on absorbed energy, working
Prikladnaya Mekhanika 2(10), 22-28 (1966) stroke, and preload is illustrated in a five-step

procedure.
Key Words: experimental results, liquid- AD-711006
containinDg containers, liquids, nonlinear
response

The results of an experimental investigation into CONTROLS
the nonlinear vibrations of liquid in a cylindrical (Also see No. 18)
cavity are presented. It is shown that the system
of equations proposed earlier can be simplified,
and the solution of the simplified equation
is obtained by the method of small parameters. ISOLATORS
The experimental method derived for determin- (Also see Nos. 35, 102)
ing the coefficients of the nonlinear terms of the
equation is explained, and a quantitative com-
parison of the t est results with the theory is 71-52
performed. AN ACOUSTIC REDUCTION TECHNIQUE

FOR LOW- FREQUENCY SOUND
PROPAGATING IN A WAVEGUIDE

COMPONENTS Lapin, A.D.
Soviet Physics - Acoustics (Translation of
Akusticheskii Zhurnal) 16(2), 233-236

ABSORBERS (Oct. /Dec. 1970)
Key Words: buildings, noise reduction

71-50 A technique is considered for insulation against
SYNTHESIS AND INVESTIGATION OF low-frequency sound propagating in a waveguide
LONGITUDINAL-MODE ABSORBERS IN by reflection from an elasticplate (or membrane)
BEAMS AND PLATES embedded flush with the wall of !he waveguide
Kashina, V.I.; Tysitekin, V. V.; and and tuned to the frequency of the propagating
Shkvarnikov, A. I. sound.
Soviet Physics - Acoustics (Translation of
Akusiicheskii Zhurnal) 166(2), 213-218
(Oct./Dec. 1970) PIPES

Key Words: beams, longitudinal vibration, (Also see No. 45)
plates, vibration absorption (equipment),
vibration resonance

Some results are given from the synthesis of BEAMS, STRINGS, RODS
longitudinal-mode absorbers designed for the (Also see Nos. 1, 16, 42, 44, 50)
attenuation of resonance vibrations in beams
andplates. As an example a 10-element eptimum
absorber operating over a 2-octave frequency 71-53
range is analyzed. Anexperimental investigation A SURVEY OF INVESTIGATIONS ON THE
conducted on a. longitudinal-mode absorber yields CONFIGURATION AND MOTION OF CABLE
an energy absorption coefficient of 0.96 to 0.97 SYSTEMS UNDER HYDRODYNAMIC LOADING
in a Duralumin beam 5 mm thick at frequencies Casarella, Mario J. and Parsons, Michael
from 8 to 32 kc. Catholic Univ. Am., 18 op (1970)

Key Words: cables (ropes) hydrodynamic

71-51 excitation, reviews
SIDE-SPREADING SPRINGS ABSORB HIGH- A review of the research investigation on the
Swieskowski, Henry P. predicticn of the motion of a cable system underArmy Weapons Command, 12 pp (Mar. 1970) hydrodynamic loading is presented. Attemptsto predict the steady state configuration o f a
Key Words: shock absorbers, springs two-dimensional cable have been made since
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World War I. Recent studies have included the neglected. The equations for the longitudinal-
dynamic response of these systems to external transverse vibrations of a cord carrying con-
excitation. A discussion of the physical nature centrated masses is derived. The effects of the
of these forces and a survey of existing analyti- nonlinearities . n the dynamics of the system
cal models for the. loading function is included, are studied.
A comparison with the limited experimental data
available is also presented.
AD-710711

TRANSIENT RESPONSE OF FINITE RODS
USING THE METHOD OF MODE SUPERPOSI-

71-54 TION
SOLAR INDUCED BENDINC. VIBRATIONS Mengi, Y. and McNiven, H. D.
OF A FLEXIBLE MEMBER Univ. Calif., 37 pp (Aug. 1970)
SGraham, John D. Key Words: bars, forced vibration,
AIAA J. 8(11), 2031-2036 (Nov. 1970) transient response

Key Words: flexural vibration, structural
members, thermal excitation The general forced vibration problem of finite,

transversely isotropic rods is studied. The

The stability of in-1plane bending oscillations of specific problem is one of finding the response,
long flexible members (STEMs) when subjected expressed asthe radial displacement, of an iso-
to solar heating i. e.-mmined. The interdepend- tropic rod of specified length when a normal
ence between the time varying STEM thermal force at one end of the rod vibrates at two fre-
curvature and its bending motion is accounted quencies: one a resonant frequency of the rod,
for in the model, and one between resonant frequencies.

PB- 193941

71-5 5
ON THE PROBLEM OF SLIGHTLY NON-
LINEAR THREE-DIMENSIONAL VIBRATIONS A NOTE ON THE NONLINEAR RESPONSE
OF A BAR OF AN ELASTIC BEAM ON A FOUNDATIOI4
Il'in, R.F. and Kagadii, S.V. TO A MOVING LOAD
Prikladnaya Mekhanika 2(12), 93-99 (1966) Tang, Sing-Chih and Yen, David H. Y.

Intl. J. Solids Structures 6_(11), 1451-1461
Key Words: asymptotic series, bars, forced (Nov. 1970)
vibrations, method of successive approximations Key WorC ,: beam, elastic properties, moving

A combined analysis of the longitudinal, tor- loads, nonlinear response, perturbation theory

sional, and transverse three-dimensional forced The nonlinear response of an elastic beam to a
vibrations of a bar, with energy dissipation in
small deformationstaken into account, leads to moving transverse load is studied, using a spe-

a system of slightly noilinear differential equa- cialperturbation method. Solutions are obtainedthat remain valid throughout some neighborhood
tions. The soluteon of this system is given by the of the critical speed of the linear beam theory.
method of successive approximations combined It is found that in general, depending upon the
with the asymptotic metlh4d in the form developed type o. dominant nonlinearity in the beam, either
by N. N. Bogolybov and Yu. A. Mitropol'skii. the subcritical response or the supercritical

response may be continued up to the critical
71-56 speed and even beyond. The solutions also show

how the transitions from a subcritical response
CORDINCARRYINGATCONCENTRATD MASSS to a supercritical response and ,vice versa takeCORD CARRYING CONCENTRATED MASSES
Krasnoshapka, V.A. place near the critical speed.

Prikladnaya Mekhanika 2 (9), 85-92 (1966)

Key Words: flexural vibrations, longitudinal 71-59
vibrations, strings (structural members) ON THE NONLINEAR RESPONSE OF AN

ELASTIC STRING TO A MOVING LOAD
The equations for the small vibrations of a cord Yen, David N.Y. and Tank, Sing-Chih
carrying concentrated masses is knownto result Intl. J. Nonlinear Mech. 5(3), 465-474
in the assumption that the stretching of the cord (Aug. 1970)
during the vibration is negUgibly small in comn- Key Words: elastic properties, moving load,
parison with the value in the equilibrium configu-
ration. The cs itions of motion of the cord, nonlinear response, perturbation theory,

taking into account the stretching, were derived rings
in an earlier study. However, the mo&on of the
masses parallel to the equilibrium curve was
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The nonlinear response of an elastic stringto a 71-62
moving load is studied, using a special pertur- THE NONCLASSICAL THEORY OF
bation method. Solutions are obtained that are FLEXURAL VIBRATIONS IN THICK PLATES
valid throughout a particular neighborhood of Klyuchnikova, V. G.
the critical speed of the linear theory. Prikladnaya Mekhaniilt 2_(9), 65-70 (1966)

Key Words: flexurae vibrations, method of
integrodifferential equations, natural

PLATES AND SHELLS frequencies, plates
(Also see Nos, 6, 9, 11, 13, 14, 15,

16, 23, 24, 33, 41, 48, 49) The integrodifferential equations derived by
Kil'chevskii from the generalthree-dimensional
theory of elasticity without any auxiliary hypothe-

71-tO ses or assumptions are used to determine the
SOUND RADIATION FROM TRANSVERSELY natural frequencies of plates with free edges.
VIBRATING FLAT PLATES INTO WATERS A technique for the solution of integrodifferential
Guicking, D.; Warhonowicz, Th.; and equations which combines the collocation method
Buddruss, C. with the method of least squares is presented.
Acustica 23 (3), 131-141 (1970) Different families of functions approxinmating theS~displacementi are considered.
Key Words: flexural vibration, fluids, water,
rectangular plates, sound waves

71-63
The sound radiation of transversely vibrating STRUCTUPAL RESPONSE TO BOUNDARY
flat rectangular plates with and without ribs is LAYER NOISE
measured and compared with a corresponding Lin, Yung-lo
model. Experimental results are compared with Princeton Univ. 161 I:p (1969)
calculations based on a simplified velocity distri-
bution on the plate. Thefar-field radiation char- Key Words: nonlietear theories, plates,
acteristics computed from this distribution by turbulei .,e, vibration response

a Fourier transformation are in good agreement
with the radiation patterns obtained in a shallow A nonlineur plate theory used to investigate

water basin. The total radiated power is meas- plate vibrational response to the pressure field

ured in a reverberation tank for waterborne sound. in a supersonic turbulent boundary layer is de-

The design of this tank is based on a new prin- scribed. Contrary to allprevious investigations
ciple with sound-soft lining. The radiation co- of this problem, the radiation pressure arising

efficients measured in model experiments are from the plate motion Is included in the forting
ingoodagreement-withapproximate calculations field. The plate displacement is expanded in
after G8sele. (In German) terms of the. modal functions of the plate an'd

Galerkin's procedure is used to reduce the par-
tial stochastic differential equation into a set of

71-61 nonlir -.ar ordinary stochastic differential equa-
AXISYMMETRIC VIBRATION OF CONICAL tions in time. Both frequency domain and time
SHELLS domain analyses are used to obtain some useful

Hartung, R. F. and Loden, W.A. statistical quantities of the plate response.

J. Spacecraft and Rockets 7(10), 1153-1159 Univ. Microfilms 70-14,233

(Oct. 1970) (Ann Arbor. Mich.)

Key Words: computer programs, conical shells,
finite element technique, mode shapes, natural 71-64
frequencies ACOUSTIC RADIATION FROM AN INFINITE

PLATE WITH A BAFFLE NORMAL TO ITS
The axisymmitric modalproperties (frequencies SURFACE
and mode shapes) ofthin conical shell frusta are Mazzola, Claude J.
studied to determine how they are influenced by J. Sound and Vibration 13 (2), 163-169
cone length, thickness, apex angle, and boundary (Oct. 1970)
conditions. In portions of the frequency spectrum,
the cone is observed to vibrate vigorously at the Key Words: method of steepest descent,
largeend, whilethe smallendremains relatively plates, sound waves
quiescent. Results are obtained using a computer
program based on a flrnte element analysis in The sound pressure radiated by an infinite plate
which the cone is treated as an assemblage of with a baffle perpendicular to its surface is es-
conical frusta. timated by the method of steepest descent. Both

rigid and pressure-release baffles are consid-
ered. The radiation resistance of each type of
baffle is also estimated.
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S71-65 The problem of sound transmission through a -

THE INFLUENCE OF ADDED MASS ON THE perforated absolutely rigid plate of arbitrary
NATURAL VIBRATIONS AND IMPULSE wave thickness is solved. The solution is re-
RESPONSE OF LONG, THIN CYLINDRICAL duced to an infinite set of linear algebraic equa-
SHELLS tions. Simple approximate expressions are
Palmer, E.W. derived for calculating the sound transmission
Report 3395, Naval Ship Res. Dev. Ctr. coefficient through a plate with circular or
(Oct. 1970) rectangular holes, in the case of arbitrary plate

thickness, and holes of small diameter relative
Key Words: cylindrical shrlls, mode shapes, to the sound wavelength. It is shown that at
natural frequencies, shock response certain frequencies the fluid colmns in the

The plane strain solution is obtained for the holes acquire resonances, in which case total
naThralne viranstionsand implse eobned o fo ah sound transmission through t he plate occurs.!•natural vibrations and impulse respon-,.e o f a -In a number of cz~ses, due to the Increase of the

thin circular cylinder containing an adied line radiation impedance of the holes (coincidence
E: mass. The solution for a iniform cylinder is resonance) a reduction occurs in the transmis-

derived by taking the added mass to be z e r o. sion coefficient. So me analytical graphs are
Numerical calculations of the frequencies and sen

mode shapes for several of the lower modes are
presented in graphical form for various values
of the added mass. The general impulse re- 71-68
sponse solution for arbitrary initial conditions BENDING, VIBRATION AND BUCKLINC OF
Sis obtained by norma mode theory. SIMPLY SUPPORTED THICK ORTHOTROPIC

RECTANGULAR PLATES AND LAMINATES

71-66 Srlnivas, S. and Rao, A.K.
Intl. J. Solids Structures 6(11), 1463-1481S~THE DYNAMIC RESPONSE OF A SOLID (Nv 90

ELASTIC CYLINDER BONDED TO A THIN
SHELL Key Words: free vibration, plates,
Ruminer, John Jay rectangular plates
Univ. Mich., 97 pp (1969) A unified exact analysis for the statics and

Key Words: composite s t ructures, cylinders, dynamics of a class of thick laminates is pre-
transient response sented. A three-dimensional, linear, small

deformation theory of elasticity solution is de-
The dynamic interaction of a solid elastic cir- veloped for the bending, vibration and buckling
cular cylinder bonded to a thin shell of a differ- of simply-supported thick orthotropic rectangu-
ent .naterial is studied. The analysis employs lar plates and laminates. AU the nine elastic
linear theory and is restricted to plane strain. constants of orthotropy are taken into account.
Exact dynamical equations of elasticity govern The solution is formally exact and leads to
the core. Small deflection thin shell theory, simple infinite series for stresses and displace-
including both membrane and bending effects, ments in flexure, forced vibration and "beam-
governs the shell. The two sets of equations column" type problems, and to closed form
are coupled by the requirement of continuity of characteristic equations for free vibration and
surface tractions and displacements at the Mn- buckling problems.
terface. The free motion of the composite
structure and the transient response of the sys-
tem •ubject tc an arbitrarilyprescribed external 71-69
loading are discussed. Numerical results are NATURAL VIBRATIONS OF ORTHOTROPIC
presented for different material and loading PLATES
conditions. Tret'yak, V.G.

Univ. Microfilms 70-14,627 Prikladnaya Mekhantka 2(9), 44-52 (1966)
•: (Ann Arbor, Mich.)

( rKey Words: mode shapes, natural vibrations,

orthotropic plates, variational methods
71-67
SOUND TRANSMISSION THROUGH A PER- The influence of boundcry conditions on the fre-
FORATED PlATE OF FINITE THICKNESS quency of natural vibrations of orthotropic
Shenderov, E.L. plates is studied. The modal shape and fre-

Soviet Physics -Acoustics (Translation of queacy are found by means of a variational
Akusticheskii Zhurnal) 16 (2), 244-249 technique involving successive approximations
(Oct./Dec. 1970) and the determination of the roots of transcen-

dental equations on a computer. The results
are given in tables and graphs. The linearized
formulation of the problem is used.
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71-70 PANELS
COMPARISON OF THEORY AND EXPERI- (Also see No. 7)
MENT FOR NONLINEAR FLUTTER OF
LOADED PLATES
Ventres, C.S. and Dowell, E.H. 71-72
AIAA J. 8(11), 2022-2030 (Nov. 1970) DISCRETE ELEMENT APPROACH TO
Key Words: experimental results, flutter, FLUTTER OF SKEW PANELS WITH
nonlinear response, plates, theoretical IN-PLANE FORCES UNDER YAWED
analysis SUPERSONIC FLOW

Kariappa, B.R.S. and Shah, C.G.
The flutter behavior of clamped plates ex- AIAA J. 8_(11), 2017-2021 (Nov. 1970)
posed to transverse pressure loadings, or Key Words: flutter, skew plates, ultrasonic
buckled by uniform thermal expansion is in- vibration
vestigated. Quasi-steady aerodynamic theory
and von Krmmn's plate equatiors are employed. Matrix displacement methods are applied to the
Zero in-plane motion normal to the edges, and flutter problem of skew panels witi: in-plane
zero In-plane stress at the edges are considered, forces under yawed supersonic flow. Kinemati-
Nonlinear ordinary differential equations are cally consistent aerodynamic influence coeffi-
obtained by using a modal expansion of the trans- cient matrices are employed in the formulation
verse deflection in conjunction with Galerkin's of the dynamic equations of motion.
method. These are integrated numerically to
determine the flutter motion.

71-73

71-71 AN APPROXIMATE METHOD FOR THE
DETERMINATION OF THE NATURAL

FREE VIBRATIONS OF ORTHOTROPIC FREQUENCIES OF SINGLE AND STIFFENED
SANDWICH CONICAL SHELLS WITH VARIOUS PANEL STRUCTURES
BOUNDARY CONDITIONS Szechenyi, Edmond
Wilkins, D.J., Jr. ; Bert, C.W.; and Southampton Univ. (England), 31 pp
Egle, D.M. (Mar. 1970)
J. Sound and Vibration 13 (2), 211-228 Key Words: approximations, natural frequen-
(Oct. 1970) cies, numerical analysis, panels, plates
Key Words: composite structures, conical
shells, cylindrical shells, free vibrations, Simple formulae are found which predict the
Galerkin method resonant frequencies of various commvn panel

structures. Clamped plates and conventionally
An analysis of axisymmetric and unsymmetric and integrally stiffened panels are considered.
free vibrations of conical or cylindrical shells AD-708474
with various boundary conditions is presented.
The shell construction considered is either
homogeneous or symmetrical sandwich, and the 71-74
facing and core Is either isotropic or specially CALCULATION OF THE RANDOM VIBRATION
orthotropic. Love's first-approximation shell CHARACTERISTICS OF A PANEL IN THE
theory, with transverse shear strain added is SOUND FIELD OF AN EXHAUST JET
"used and solutions are obtained by Galerkn's Valeev, K. G. and Kvitka. V. E.
method. Comparisons are made with existing Soviet Physics - Acoustics (Translation of
experimental results for the following boundary Akusticheskii Zhurnal) 16 (2), 184-186
conditions: freely supported at both ends; (Oct./Dec. 1970)S~clamped-clamped; and free-free. Key Words: acoustic excitation, panels, plates

(structural members), random response

An approximate technique is described for cal-
cula.ting the probabilistic characieristics of the
sh esses involved in the vibration of flat panels
in the sound field of a jet engine exhaust. The
spectral density of the acoustic load in deter-
mined experimentally from the frequency spec-
tra of the sound pressure. The results of the
calculations are verified experimentally.
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GEARS 71-77
EARTHQUAKE RESPONSE OF CONCRETE
GRAVITY DAMS

71-75 Chopra, Anil K.
THE INFLUENCE OF AXIAL VIBRATIONS Univ. Calif., 40 pp (Jan. 1970)

UPON THE ENERGY LOSSES AND EFFI- Key Words: dams, interaction: structure-
CIENCY OF SPUR GEAR SYSTEMS medium, seismic response
Mamoun, Michael Mounir
Univ. Ill., 299 pp (1969) An investigation of the response of concrete

Key Words: axial force, gears gravity dams to horizontal earthquake excitation
is reported. Reservoir interaction effects are

The influence of an axialvibrationalmotion upon included and the errors that may be introduced
the frictional energy losses and the efficiency by common simplifying assumptions, such as
of a spur gear system is analytically and experi- neglecting tateraction effects and compressi-
mentallydetermined. A theory isdeveloped that bility of water, are evaluated.
explains the influence of axial vibrations upon the AD-709640
frictional forces arising from the sliding of the
engaging gear teeth, and also reveals the effects
of a two-dimensional motion or axial vibrations 71-78
on the frictional forces between anytwo contact- DYNAMIC STRESS ANALYSIS OF AXISYM-
ing surfaces. Based upon this theory, some METRIC STRUCTURES UNDER ARBITRARY
mathematical expressions are derived for the LOADING
frictional energy losses and the efficiency of a Ghosh, Suk'mar
spur gear system subjected to axial vibrations. Univ. Calif., 124 pp (1969)

Univ. Microfilms 70-13,406 Key Words: finite element technique, interac-
(Ann Arbor, Mich.) tion: structure-medium, nuclear power plants,

pressure vessels, seismic excitation, ehells

A finite element method is presented for the
SYSTEMS dynamic analysis of complex a-isymmetric

structures subjected to any arbitrary static or
dynamic loading or baze acceleration. This

MECHANICAL method of analysis is applied to various prac-
(Also see No. 14) tical cases like nuclear reactor containment

pressure vessels, the response of tubes to
moving pressure, etc. Structure-foundation

RC Rinteraction effects are also invwstigated.
SSTRUCTURAL Univ. Microfilms 70-13,054

(Also see Nos. 17, 19) (Ann Arbor, Mich.)

71-76
71-79

A PROCEDURE FOR THE DYNAMIC ANALYSIS PARAMETRIC STUDY OF NATURAL FRE-SOFARAMETRICLSTUDYLOFDNATURALIQUID
OF THIN WALLED CYLINDRICAL LQUID QUENCIES OF SKIN-STRINGER STRUCTURE
STORAGE TANKS SUBJECTED TO LATERAL McDaniel, T. J.
GROUND MOTIONS Univ. Ohio, 90 pp (July 1970)
Edwards, Norman Wayne
Univ. Mich., 174 pp (1969) Key Words: aircraft, beams, natural fre-S~quencies, skin-stringer method
Key Words: dynamic response, lumped mass
method, seismic exe tation tanks (containers) The results of a parametricstudyof the -natural

frequencies of a row of skin-stringer structures
Dynamic responses of elastic, thin walled, cyl- are reported. Typical aircraft structures
indrical, flat bottom, liquid storage tanks sub- with Z-section, or milled stringers are con-
jected to arbitrary lateral ground motions are sidered. The effect on the natural frequencies
investigated. of parametric variation of stringer spacing,

Univ. Microfilms 70-14,507 distance between frames, thickness of the
(Ann Arbor, Mich.) covering skin, and material properties of the

structure are tabulated.
AD-711383
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71-80 BU!LDING
AN AUTOMATIC WOMPUTATIONAL PRO- (Also see No. 84)
CEDURE FOR CALCULATING NATURAL
FREQUENCIES OF SKELETAL STRUCTURES 71-63
Williams, F.W. and Wittrick, W.H.
Intl. J. Mech. Sci. 12(9), 781-791 THE INELASTIC BEHAVIOR OF MULTI-
(Sept. 1970) STORY BRACED FRAME STRUCTURES

s e rSUBJECTED TO EARTHQUAKE EXCITATION
Key Words: dynamic stiffness, framed Workman, George Henry
structure, matrix methods, natural Univ, Mich., 172 pp (1969)Sfrequenciesr nKey Words: elastoplastic properties, framed

A method for finding all required natural fre- structures, multistory buildings, nonlinear
quencies of undamped vibration of linearly response, seismic excitation
elastic skeletal structures, when the members
are analyzed as continuous and uniform, using The nonlinear response of a 10-story, single-bay
dynamic stiffnesses, and not as an approximately braced frame steel structure with elastoplastic
equivalent lumped-mass system is described, member behavior is studied under conditions
The method is developed explicitly for rigidly of dynanir: loading. The dynamic loading used
jointed plane frames, but space frames, gril- is 1-1/2 timas the North-South component of the
lages, etc. can be included without extension El Centro, California earthquake (May 18, 1940).
of the principles. The structure is idealized by - series of equiva-

lent masses, lumped at the floor levels and re-
strained by weightless members.

Univ. Microfilms 70-14,686
ACOUSTIC ISOLATION (Ann Arbor, Mich.)

71-81
SOUND MEASUREMENTS ON BUILDING BRIDGES
MACHINES (Also see No. 53)
Rathe, E.J.
Acustica 23 (3), 149-155 (1970)

Key Words: machinery, measurement tech- EARTH
niques, noise measurement, noise reduction (Also see EARTH(loseNos. 77. 83, 109)'

The noise of more than 200 machines used in
building and road construction work measured 71-84
under uniform condit~ons is reported. The EARTHQUAKE ISOLATION OF MULTISTORY
results show the distribution of levels for various CNCRETE STRUCTURES
types of machine. In some cases, simple noise
reduction measures are evaluated. (In German) J. Am. Concrete Inst. 67(11), 923-933

(Nov. 1970)

Key Words: multistory buildings, seismic
AIRCRAFT design, vibration isolation

7-A new concept is introduced for the protection
of multistory concrete structures from the ef-

MEASUREMENTS OF THE RADIATED NOISE fects of earthquake ground motions. The con-
FROM SAILPLANES cept is an isolation technique in that the super-
Smith, D.L.; Paxson, R.P.; Talmadge, R.D.; structure is effectively insulated from the
and Hotz, E.R. ground vibrations.
Wright-Patterson AFB, 115 pp (July 1970)
Key Words: aerodynamic excitation, aircraft
noise, noise measurement 71-8 5

SHEAR MODULUS AND DAMPING IN SOILS --
Measurements taken of the noise radiated from PART I: MEASUREMENT 4ND PARA.MVETER
three sailplanes in order to define the aerody- EFFECTS
namic noise and determine i t s relationto air- Hardin, Bobby 0. and Drnvvich, Vincent P.
craft size and velocity are presented. Results Univ Ky., 52 pp (July 1970)
obtained from one microphone are given and
the overall sound pressure level Is related to
the aircraft parameters.
AD-709689
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I Key Words: material damping, measurement 7 1-88

techniques, measuring instruments, seismic EARTHQUAKE RESPONSE OF ARCH DAMS
excitation, shear modulus, soils Tahbildar, Umesh Chandra and

k Tottenham, Hugh
Apparatus used to measure shear modulus and J. Struc. Div., Proc. ASCE 96 (STil)
damping in soils must be capable of making ac- 2321-2336 (Nov. 1970)
curate measurements at very small shearing Key Words: dams, finite element techniques,
strains, the range being defined by practical KeysWords:oas, iteles
problems In earthquake and foundation vibra- seismic response, shells

tions. Based on numerous tests on a spectrum A theoretical assessment of the dynamic re-
of disturbed and undisturbed soils, the shear sponse of arch dams to earthquakes is madeS~modulus decreases and the damping ratio In- using the finite element shell formulation. The
creases very rapidly with increasing strain results reveal that seismic forces can induceamplitude. The rate of Increase or decrease highrtensile stresses in arch dams and therefore

"depends on many parameters, the most impor- tese fo ress e in srioa s cndera-

tant of w hic h are: effective mean principal these forces should be given serious considera-

stress. degree of saturation, void ratio, and tion In design. The response for a particular
n f o gddam (Type 5, specified by the Institution of CivilSnumber of cycles of loading. A pseudostatic Engineers, England) is obtained for three earth-
simple shear apparatus and two different reso-nant column apparatus used in this study are quakes: El Centro, May 18, 1940, N-S; Santa
daetscolu. aBarbara, June 30, 1941, N45E, and Taft,
dPB-193607 Julv 21. 1c52, $69E.

S~71-86
71-86ENVIRONMENTS

SHEAR MODULUS AND DAMPING IN SOILS -- (so see Nos. 76, 94)
PART II: DESIGN EQUATIONS AND CURV;.'S
Hardin, Bobby 0. and Drnevich, Vincent P.
Univ. Ky., 56 pp (July 1970) 71-69
Key Words: graphic methods, material damping, AN ANALYSIS OF THE VIBRATION ENVIRON-
shear modulus, soils MENT AT NORTHROP'S NORWOOD, MASSA-

CHUSETTS TEST FACILITY WITH APPLICA-
Equations and graphs for the determination of TION TO GYRO TESTING
shear modulus and damping in soils for use In Crowley, Francis A.: Ossing, Henry A.: and
design problems involving repeated loading or Hogan, John G.
vibration of soils are presented. These are L.G. Hanscom Field, 49 pp (July 1970)
based on numerous laboratory tests on bot h
rmoded an n dierousturbedatrcoesivetsls an d bKey Words: seismic excitation, test facilitiesS~remolded and undisturbed cohesive soils and
on clean sands. Seismic measurements taken at Northrop's in-
B1 8ertial test facility, Norwood, Massachusetts,

are described. The purpose of these measure-
71-87 ments and subsequent analyses is to charac-

terize the motion environment of the test facility
DAN SS TO F EARTHUAKESin terms relevant to facility design and guidanceDANAYM S TOFH E NEO EARTHQAE

component performance tests.
Mathur, Jagdish Narain
Univ. Calif., 185 pp (1969) AD-710609

Key Words: dams, seismic responseL 71- 90

A procedure using the shear slice approach is NOISE ENVIRONMENTS WITHIN MULTIPLACE
proposed to Incorporate strain dependent shear FIXED-WING AIRCRAFT
moduli and damping ratios in the response Gasaway, Donald C.
analysis of earth dams on rigid bases. Two Brooks AFB, 22 pp (May 1970)
problems are considered: (1) the influence of Key Words: aircraft noise, human factors
strain dependent shear moduli and damping eyg"Worircraft nots, humactors

ratios of soils on the results of analyses of the e
seismic response of earth dams resting on rigid Acoustic environments sampled at different
Sfoundations; and (2) the determination of the locations within eight groups of fixed-wing air-S~seismic response of darns resting on flexible scraft during conditions of normal cruise are
foundations and in particular, the ascertainmentL defined. A total of 51 aircraft, representative

Sof significant parameters affecting the dam of vehicles powered by reciprocating, turbo-
foundation interactiOnun propeller, and turbojet or turbofan engines,

U M s 1 provide the data from which 28 noise envelopes
(Ann Arbor, Micb.) are plotted.

AD-708430
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FRAMES Key Words: chatter, machinery, self-excilted
(Also see Nos. 3, 4) vibration, vibration response

The stability criterion for the grinding system
71- 9 •is analyzed using the frequenc) response method.
DYNAMIC SNAP-THROUGH OF AN ELASTIC- It is shown: (1) that even the system in the un-
PLASTIC SHALLOW CIRCULAR ARCH stable region, according to the old stability
Fisher, Harold Donald criterion, is stable st ihe beginning of grinding
Univ. Mich., 72 pp (1969) until the primary waviness coincident with the

yWords: arches, dynamlc response, chatter frequency is formed to a certain level
Key :by disturbance; (2) that the waviness growing up
elastoplastic properties process revealed by translating the system from
The dynamic snap-throughof a shallow circular the frequencydomain to the time domain can bearch subjected to radial impulses of sufficient described by a series of the rates of dynamic
magnitude to cause nearly instantaneous, con- cutting residue; and (3) that the vibration Is kept
pressive plastic flow is investigated. The arch to a steady amplitude if it grows up to the level

is composed of an elastic-linear strain harden- where the regenerative effect decreases due to
ing material. Constitutive equations for the a noncontact of the wheel with work.
membrane stress resultant and bending moment
corresponding to each segment of the stress-
strain curve are formulated. The strain- PACKAGE
displacement relations and the equation of mo-
tion In the radial direction are used to study
the initial and long-term response of the .rch. 71- 94

Univ A Microfilms 70-14,517 AIRBLAST LOADING OF A LARGE METAL
(Ann Arbor, Mich.) SHIPPING CONTAINER: LABORATORY

(NVESTIGATION
Carre, Gary L. and Walker, Robert E.

HELICOPTERS Waterways Experiment Station, 59 pp
(July 1970)

7'1-92 Key Words: containers, dynamic testing,
ROTOR/WING nuclear explosions

Briardy, F.J.; LaForge, S.V.; and Neff, J.R. A program conducted to determine if a large
Hughes Tool Co., 79 pp (Mar. 1970) metal shipping container would provide a suffi-
Key Words: aerodynamic characteristics, cient degree of protection from simulated nuclear
dynamic tests, rotary wings weapon blast effects to make it suitable as a

small protective shelter is reported. Two in-
The technical status of the rotor/wing concept strumented containers subjected to blast loads
of a stopped-rotor helicopter configuration Is are described.
presented. The configuration presents attrac- AD-710961
tive performance characteristics for a high-
speed VTOL aircraft. The ability to predict
aerodynamic performanc.e characteristics in
all flight modes is substantiatedby wind-tunnel PUMPS AND TURBINES
tests. A major technical problem of 3-per-rev
oscillating loads on the rotor/wing pylon was
minimized by the effective use of cyclic blade 71- 95
pitch during the high advance-ratio portion of EXPERIMENTAL STUDIES OF DISCRETE
conversion. TONE NOISE FROM AN AXIAL FLOW FAN
AD-710425 Chandrashekhara, N.

J. Sound and Vibration 133(1), 43-49
(Sept. 1970)
Key Words: acoustic measurements, blades,

METAL WORKING AND FORMING experimental results

71- 93 Some measurements of discrete tone radiation
from an axial flow fan are presented in the form

GENERATION AND GROWING UP PROCESS of tone directivity. These are explained from
OF SELF- EXCITED CHATTER VIBRATION established theory. The effect of cutoff is ex-
IN GRINDING plained and the measured discrete tone power
Shiozaki, Susumu; Miyashita, Masakazu; and at blade passing frequency and harmonics are
Furukawa, Yuji presented. These are compared with the
Bull. Japan Soc. Mech. Engrs. 13(63), radiation efficiency of corresponding modes.
1139-1150 (Sept. 1970)
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71- 96 the ride response is improved over that for a
BLAST RESISTANT FANS FOR HARDENED conventional integral wheel system.
COOLING 'TOWERS PB-194000
Chapler, R.S. and Pal, D.
Port Hueneme Naval Civil Engr. Lab., 45 pp
(June 1970) 71- 9Q

STUDIES FOR RAIL VEHICLE TRACKKey Words: blast resistant des.gn, cooling STUD UEStowe,•, ansSTRUCTURES
Meacham, H.C.; Prause, R. H.: Ahlbeck, D.R.:

The nuclear blast resistant characteristics of and Kasuba, J.A.
vane axial and centrifugal type fans used on cool- Battelle Memorial Inst., 208 pp (Apr. 1970)
ing towers are studied. A 12 in. compressed Key Words: computer programs, interaction:
air driven shock tube was used in the experi- rail-wheel
mental program.
AD-710740 Conventional (tie-type) and nonconventional rail

vehicle track structures are investigated. The
restriction that standard gacre and rail-head
contour be used is imposed. Computer pro-

RAIL grams are used to analyze track response to
both static and dynamic vehicle loading The
models of conventioral track were validated by

71-7 track, and on the Penn-Central high-speed
DYNAMIC ANALYSIS OF MULTIPLE CAR track near Bowie, Maryland. The DOT re-
VEHICLES USING COMPONENT MODES search cars were used to obtain a series of
(VOLUME 1: ANALYSIS) controlled-speed passes at speeds up to 125 mph.
Hasselman, T. K.; tind, I. I1). and Track response under Metroliner and regular
Kaplan, A. freight traffic was also recorded, both at a
TRW Systemo , 271 1)1 ..)'! 1070) joint and away from a joint.

Key \Verde: i roni)', . ni ode synthesis, PB-194139
computer pru'•rtinm, dyntniv analysis,
railroad tritins 71-100

The development of a computer program topre- DYNAMIC RESPONSE OF CONTINUOUS BEAM
dict the duynamic characteristics of multiple ELEVATED GUIDEWAYS (VOLUME I:
car trains 18 documented. Analysis by sub- ANALYSIS
systems forms the 1xists of the study, followed Lipner, N.: Evensen. D.A.: and Kaplan A.
by application of the method of component mode TRW Systems, 104 pp (July 1970)
synthesis to obtain an Accurate approximate Kcy Words: computer programs, dynamic
solution with a reduced number of coordinates, response, railroad trains
and thus reduced computing time.
PB-1193545 A train-elevated guideway interact'.,' program

is described. A two-vehicle tral, traveling at
constant velocity over a s e r i e s of uniform.

71-98 simply-supported, continuous span bridges, is
DYNAMICS OF INDEPENDENTLY ROTATING considered. A technique for considering noa-
WHEEL SYSTEMS uniform guideway beams is developed and dis-
Kaplan, A. and Short, S.A. cussed. The equations governing the train and
TRW Systems, 74 pp (July 1970) guideway responses are numerically integrated
Key Words: high speed transportation, human from arbitrary initial conditions. The bridges
factors engineering, hunting, transportation can have initial camber or roadway roughness
systems, tube vehicle systems conditions. As part of the program formula-

tions, the dynamic response of a semi-infinite
An a n a I y s i.3 of the dynamics of individually uniform and periodically supported beam load
rotating wheel systems for use on high-speed by end mements is derived. The program cal-
rail systems such as the Tube 'Vehicle System culates motion parameters, wheel loads, and
is presented. The analysis indicates that the bending moments in the spans aa a function of
use of independently rotating wheel systems time.
eliminates the standard hunting irstability, but PB- 194137
it introduces a lightly damped but stable oscil-
lation of its own. However, by increasing t he
yaw stiffness, the frequency of this oscillation
can be moved beyond the low point in the human
vibration tolerance limit. When this is done,
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71-1 01 The dynamics (stability and steady state unbal-
DYNAMIC RESPONSE OF CONTINUOUS ance response) of distributed parameter rotor
BEAM ELEVATED GUIDEWAYS s y s t e m s are investigated by both transfer
(VOLUME II: COMPUTER PROGRAM) matrix and finite element techniques.
Roberts, F.B.; Lipner, N.; Evensen, D.A. Univ. Microfilms 70-12,646
and Kaplan, A. (Ann Arbor, Mich.)
TRW Systems, 172 pp (July 1970)

Key Words: computer programs, dynamic
response, railroad trains SPACECRAFT
This volume of the train-elevated guideway
interaction program contains the computer pro- 71-105
gram. The analysis is provided in Volume 1. DYNAMIC STABILITY OF A SATELLITE
PB- 194138 WITH AN ELASTIC MEMBRANE

Brown, Donald Paul
Univ. Wis., 98 pp (1969)

ROAD Key Words: dynamic stability, dynamic
systems, mathematical models, satellites

71-1 02 A mathematical model of a satellite with contin-
E•A.STOMERS ASSUME MAIN ROLE IN TRUCK uous elastic components is defined as consisting
AND TRAILER SUSPENSIONS of a moment free rigid carrier to which is at-
Flanagan, W!lliam tached an elastic membrane. The membrane
Automotive Engr. 78(12), 34-37 (Dec. 1970) is orientedsuchthat a centroidalprincipal axis

Key Words: elastomers, suspension systems of the rigid carrier is normal to the undeflected
(vehicles) membrane and passes througt the membrane

center of mass. The system is considered to

Elastomers are no longer limited to secondary be conservative.
use for isolators. Rubber is becoming more Univ. Microfilms 70 .4)7
popular as the main spring element because of (Ann Arbor, Mich.)
the advantages of inherent damping and variable
spring rates. Basic background is presented.

TURBOMACHINERY

ROTORS

71-106
71-103 A STUDY OF RESONANCE COINCIDENCE
AERONAUTIC NAVIGATION EK!UIPMENT IN BLADED DISKS
Pavlovskii, M.A.; Demidenko, V.P.; Ewins, D.J.
Myachin, V.E.; Lopatin, V.I.; and J. Mech. Engr. Scd. 12(5), 305-311 (Oct. 1970)
Delektorskii, B. A. Key Words: fadigue life, turbine blades, turbo-
Joint Pub. Res. Ser., 81 pp (Aug. 26, 1970) machinery, vibration resonance

Key Words: balancing, gyroscopes, instru-
mentation The failhre in service of just one or two out of

a batch of nominally identical units poses the
Navigational aeronautic equipment is inve sti - problem of establishing the immediate cause and
gated. Instrumental errors of gyroscopes, the importance of the failures. The significance
dynamic balancing of rotors, and special prob- of the failure is examined in relation to the vi-
lems of specific equipment operating under bration loads borne by turbomachinery biading.
various conditions are studied. The possibility that minor dimensional varia-

tions between one unit and another can result
in them exhibiting significantly different vibra-

71-104 tion characteristics is studied in two detailed
DYNAMICS OF DISTRIBUTED PARAMETER cases.
ROTOR SYSTEMS: TRANSFER MATRIX AND
FINITE ELEMENT TECHNIQUES
Ruhl, Roland Luther
Cornell Univ., 335 pp (1970)
Ney Words: distributed parameter method,
finite element techniques, periodic response,
rotors, stability, transfer matrix method
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71-107 these equations bc subjected to a more rigorous
RESEARCH ON THE FLUTTER OF AXIAL- evaluation to determine whether they can pre-
TURBOMACHINE BLADING dict the resonant frequency of all force generator-
Sisto, Fernando and Ni, Ron Ho column systems.
Stevens Inst. Tech., 39 pp (June 1970) AD-711533

Key Words: blades, flutter, turbomachinery
71-109

Theoretical and experimental $hases of a pro- THE PERFORMANCE OF A STOTHERT AND
gram to study flutter in turbomachlnery blading PITT VIBROLL T20C 12Mg TOWED VIBRATING
are summarized. The analytical model serves ROLLER IN THE COMPACTION OF SOIL
mainly to describe the unstalled, linearized Toombs, A. F.
baseline from which the large amplitude, pos- Road Res. Lab. (England), 20 pp (1970)
sibly stalled data may be compared. The effect
of significant parameters on quasi-static aero- Key Words: compacting, soils, vibrators
dynamic moment is displayed and generalized (machinery)
conclusions are drawn.
AD-710794 An investigation into the performance of a

Vibroll T208 12 Mg towed vibrating roller in
soil compaction is reported. The equipment
was used withthe following soils: a heavy clay,

USEFUL APPLICATION a sandy clay, a well-graded sand, a gravel -
sand-clay, and a uniformly gitaded fine sand.
PB-194135

71-108
PILE DRIVING BY MEANS OF LONGITUDINAL 71-110
AND TORSIONAL VIBRATIONS
Kovacs, Austin and Michitti, Frank DEVELOPMENT OF AN ULTRASONIC GUIDE
Cold Regions Res. Engr. Lab., 23 pp (July 1970) FOR THE INSPECTION OF BUTT WELDS IN
Key Words: pile driving, resonant frequency, COMMERCIAL SHIPS
vibrators (machinery) Youshaw, Robert A.

vnWhite Oak Naval Ordnance Lab., 49 pp

Vibratory pile driving is discussed withparticu- 1May 1 1970)

lar emphasis on pile driving at resonance where key Words: ships, testing techniques,
maximum driving efficiency can be expected. ultrasonic tests
The theories and concepts associated with long-
tudinal and torsional pile drivingare presented Technical considerations involved in preparing
to show that torsional resonance does not appear a guide for the ultrasonic inspection of butt
to be as effective a method as longitudinal reso- welds in commercial ships are documented.
nance and that considerable variations can exist The acceptance criteria for the ultrasonic in-
between calculated and observed resonant fre- spection method closely approximates those of
quencies. While it is pointed out that equations the radiographic method in the previously pub-
by Bernhard and Kovacs predict pile resonance lished Ship Structure Document SSC-177-Guide
in close agreement with that observed during for Interpretation of Nondestructive Tests of
actual pile driving, it is also suggested that Welds in Ship Hull Structures.

AD-709918
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BOOKS The book was aimed at two types o: readers,
the practicing engineer, and the student r e -
quiring a senior or graduate l eve l textbook.
As might be expected, it does not cover un-
steady lifting surface theory, which has been

THE PHYSICAL BASIS OF METAL FATIGUE developed in the late fifties and sixties, nor
P. J. E. Forsyth does it reflect the considerable impact of high

American Elsevier Publishing Company, Ivc., speed computers on numerical methods. How-
New York, N.Y. (1969) ever, it still serves as an excellent introductory

text, and would meet the requirements for a
one semester introductory course admirably.

Many engineers assume that little is known about
the fundamental mechanisms that affect fatigue
of metals. Thls book summarizes in concise The elastic aircraft is treated by expressing
form the extensive present-day knowledge of the Lagrangian equations of motion, in which
the microscopic changes that occur in the crys- the normal modes of vibration are used as
tallographic structure in terms understandable generalized coordinates. This remains, to this
to the engineer. Forsyth has done an excellent day, the principal method of handling the flut-
job of correlating the wealth of valuable data on ter problem, but was relatively new when the
fundamental fatigue processes as observed by book was first published. Also, extensive use
the metallurgist; these are interpreted in terms is made of matrix notation, again relatively
of the behavior of commercial metals. new when applied to this extent, even though

the text Elementary Matrices by Collar, Duncan,
and Frazer had emphasized the flutter problem

The bookdevelopstiie subject logically from the when it appeared in 1946. It is this use of
crystal structure and metal deformations to matrix notation which makes the text particu-
crack initiation processes. The stages of crack larly valuable as an introduction.
growth are examinedandrelatedto appearances

* of service fractures. Detailed mechanisms are
related to the influence of ervironmental effects So-called "three-dimensional" flutter theor y
such as temperature, frequency, simultaneous is discussed. However, this refers to the use
corrosion and fretting fatigue. The later chap- of spanwise integration of the generalized
ters discuss factors leading to scatter in life, forces acting on each of the coordinates, as
influence of residual stresses and practical opposedtothe cruder method of selecting a rep-
implications of notches, welding, overstressing, resentative wing station at which to apply all of

Setc. This book will not serve as a handbook to the aerodynamic forces. The aerodynamics re-
the routine designer, but as a valuable source main strictly two-dimensional, in fact, the
of better understanding of the nature of progres- method used is frequently referred to as "strip
sive fracture. The engineer and metallurgist theory." Emphasis is mainly on subsonic in-
interested in research and development of me- compressible flow, although tables are given
chanical equipment will find the concepts of for supersonic flow. Tables for subsonic corn-
great importance in avoiding troublesome pressible flow have appeared in the literature
fatigue failures. more recently, and can be used readily in the

T J. Dolan analytical method 4escribed.
Department of Civil Engineering

University of Minois
Urbana, Ill. The method of vibration analysis treated in the

book is the familiar mass and influence matrix
method. Levy's method of obtaining structural
influence coefficiezf.s is described. This is of

AIRCRAFT VIBRATION AND FLUTTER particular historic; I interest because it was a
Robert H. Scanlan and Robert Rosenbaum first step in the development of present-day

Dover Publications, Inc., finite element methods. In summary, this is
New York, N.Y. (1968) a welcome edition which might well be arow.d

for many years to come.

This is a paperback reprint of a book which was John Kenmeth Haviland
originally published in 1951 by the Macrmillan Department of Aerospace Engineering
Company. It is of particular interest to the re- and Engineering Physics
viewer, who obtained a copy when it was first University of Virginia
published, and used it to learn the flutter business. Charlottesville, Va.
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PAPERS AND REPORTS The performance of the hydrophoneis
also impressive. With a sensitivity of -120 dB
re 1 v/i;Bar and an output impedance of 100fl,
the probe has a flat response from 10 to 60 kHz
with an ensuing falloff in sensitivity to 200 kHz.

STANDARD PROBE HYDROPHONE FOR The wide frequency range of applicability of the
ACOUSTIC MEASUREMENTS FROM probe is due to the natural resonances of the
10 Hz to 200 kHz sensitive element which occur wellabove 300 kHz.
Groves, I.D., Jr. and Tims, A.C. Then too, the maximum sound pressure levels
J. Acoust. Soc. Am. 48(3), 725-728 (1970) at which 1 percentdistortion occurs, in conjunc-
Refer to Abstract 70-721 tion with a low noise level, results in a probe

which has an excellent dynamic range.

I never cease to be amazed by the technical
advances associated with the development of This latest hydrophone should prove to be an ex-
piezoelectric-element hydrophones. Ever since cellend standard. Moreover, it should be ex-
Langevin gave impetus to the whole business tremely useful for measuring the sound fields
circa 1918 with a submerged quartz crystal, of underwater acoustic sources. Its size and
hydrophones have gone through many improve- characteristics will make it easy to handle and
ments, notably ai the Navy's Underwater Sound apply to the measurement of other liquid systems
Reference Laboratory in Orlando, Florida. where pressure fluctuations predominate.

W. S. Mitchell
The subject paper discusses the construction Physical Consultants Company
and dynamic response of one of the more recent Route No. 1, Cookeville, Tenn.
small hydrophones with overall dimensions of
approximately 1.45 cm diam by 15.4 cm long.
This probe-type hydrophone was developed for
making point-to-point SPL measurements in
the nearfield of sources such as sonar trans- THE RESPONSE AND ACOUSTIC RADIATION
ducers, acoustic arrays, etc. Suchprobes must OF PANELS EXCITED BY TURBULENT
be small in order to measure high frequency BOUNDARY LAYERS
fields, since their characteristic sizes must be Szechenyi, E.
small compared to the wavelengths associated Wright-Patterson AFB, AFFDL-TR-70-94,
with the propagating waves. This implies the 171 pp (June 1970)
use of a small sensing element. However, use Refer to Abstract 70-64 2
of too small an element results in insufficient
sensitivity. Compromise eventually d i cta t es
size. The objective of the work described was to de-

velop approximate equations for both the re-
sponse of skin-stringer panels to turbulent

In view of the information in the paper, the boundary layer excitation, and the resulting
present probe possesses those features deemed acoustic radiation from the panels. The author
necessary for a reliable piezoelectric-element gives a comprehensive account of the state-of-
hydrophone, namely: stability, low electrical the-art in calculating the response of simple
impedance And good sensitivity. However, the panels to turbulent boundary layers. Much of
hydrophone ias some additional features of the work in this area has been done by other
interest. For example, the sensing element workers at Southampton University and the
is electrically shielded by a screen fabricated author summarizes the empirical data obtained
from a 0.05-mm thick flattened, expanded metal from previous measurement of the wall pres-
sheet. It also has an FET transistorized pre- sure field beneath turbulent boundary layers.
amplifier built into the cable end of the butyl- For predicting the panel response to the turbu-
sheathed device. With the sensing element sup- lent wall pressure field, the joint-acceptance
ported softly in a small, circular rubber disk, method is employed.
the problem of noise in the form of structure-
borne interierence is greatly alleviated. This
is always a problem and, at that, a significant
one, inherent in the development of small sens-
ing probes.
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The development from simple panei response to It is my present opinion that the method cf this
the moe complicated ekin-stringer panels is paper will not be widely adopted. The trend
also well documented. Attempts are made to seems to be toward classification (3); most
derive approximate solutions for the natural laboratories using electromagnetic shakers for
frequencies of stringer-baymodes. The acoustic shock testing are meeting an energy vs fre-
power radiated is found from the computed radi- quency requirement.
ation resistance and panel response. The author
emphasizes the need for experimental data to
establish the validity of the approach employed. Wayne Tustin
Tn conclusion, this is a well-documented report Tustin Institute of Technology, Inc.
suitable for bothgeneral readers and specialists Santa Barbara, Calif.
in this area.

J. M. Clinch PASSIVE SHOCK ISOLATKON (PARTS I AND II)
UT Research Institute Ruzicka, J. E.

Chicago, Ill. S/VSound and Vibration 4 (8), 14-24 (Aug. 1970);
and 4(9), 10-21 (Sept. 1-70)
Refeir to Abstracts 70-673, 70-697

TRANSIENT WAVE-FORM CONTROL OF
ELECTROMAGNETIC TEST EQUIPMENT "Passive Shock Isolation" is a survey of shock
Favour, J. D.; LeBrun, J. M. ; and Young, J. P. isolation system design based on a single degree-
J. Environmental Sci. 13 (4), 7-13 of-freedom model using linear and nonlinear
(July/Aug. 1970) finite stiffness springs with varied analytical
Refer to Abstract 70-629 environmental descriptions. The problems of

shock and vibration isolation are placed in proper
perspective by the author, rendering the mate-

This paper, originally presented at the 1969 rial interesting and of increased value. The
Shock and Vibration Symposium, earned its confusion between shock and vibration isolation
authors the 1969 Vigness Award. It appears on systems prevalent among designers sold be
page 157, Part 2, Bulletin 40 of The Shock and resolved by these articles.
Vibration Bulletin, complete will all figures.

Ruzicka's papers consitute a clearly written,
design oriented description of shock isolation
using analytically derived data. The four basic

Shock tests may be classified in t hre e ways: tasks involved in the design of a shock isolation
(1) specify the machine to be used (as in MIL-S- system are identified as: definition of the shock
901); (2) specify the time history of the desired environment; specification of isolation system
shock pulse (as in MIL-STD-810); or (3) specify performance; analytical design of shock isolators:
the damage potential of the desired shock pulse and hardware mechanization of analytical de-
in terms of frequency. Thispaperrtsc lassifl- sign.
cation (2). It discusses a technique developed
at Boeing In Seattle to produce specific time-
history transient waveforms. The technique
u se es a digital computer and FFT algorithm. The papers dwell solely on the first three tasks
The article discusses a prototype system and whichareanalyticallyoriented. A mathematical
its performance, description of shock environments is obtained

with simple analytical functions. Idealized
forms of shock excitation including impulsive

Most laboratories implement shock test specd- shook, velocity shock, free fall impact, accel-
fications of classification (2) bymeans of shock eraticn shock pulses, and sustained loading are
test machines using gravity or other sources of provided. From this point the author writes
energy. These are generally satisfactory for one of the best descriptions of the basic concept
generating and controlling simple time histories of shock isolation that I have read, and, in the
such as haveraines, siwtooths, etc.; but com- process clearly delineates the difference between
plex time histories are difficult to generate and shockisolationandvibrationisolation. The use
control. This paper outlines one method, which of linear system static deflection is described
appears to meet certaintest requirements. One and equations of motion for simple shock Isola-
cannot predict how widely these particular tests tionsystems withdirectly coupledviscous damp-
will be used. Constlaints of shaker stroke vs ing and elastically coupled viscous damping are
pulse time duration cannot be igrored. provided.
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Much good design data is given for shock isola- these assumptions are valid, and, as Ruzicka
tion systems in the form of dimensionless re- describes this technology, it is applicable.
sponse plo4s. The basis of the dimensionless In rare instances such as environments involv-
r e a p o n s (. parameters is described clearly. Ing explosions, nuclear detonations and artillery
RuzIcka points out pitfalls including that of as- weapons with high loading rates, this technology
suming that the amplification factor equals does not give the complete system response be-
transmissibility for other than z e r o damping. cause of the omission of the effects of isolator
Curves for velocity shock with and without mass.
damping and velocity shock with elastically
coupled damping are given in part 1. Part 11
continues with response design data for a single For ordinary design applications, Mr. Ruzicka
degree-of-freedom shock isolation system with has made a significant contribution to design
varied analytical shock pulse shapes. The de- oriented literature and I recommend its use by
sign data on linear systems is concluded with designers of packages, vehicles, and general
response plots for systems under s u stat ned machinery subject to shock environments.
loading. The shockspectrum concept of evaluat-
ing the dynamic response of isolation systems
to specific environmental shock pulses is R. E.
described.

The remainder of Part II contains an excellent
discussion on isolation system design using iso-
lators with nonlinear stiffness characteristics.
Ruzicka discusses the role of the isolator's
stiffness in tailoring the shock response. He
notes that the ideal stiffness characteristic for
a sbhock isolator has constant force with a mag-
nitude equalto the allowable value of the traps-
mitted force for all deflections greater than
zero. This characteristic provides maximum
energy storage and transmission at the allow-
able force for a given deflection. In addition,
by havingthe allowabletransmitted force pres-
ent at all times, the shock Isolator deflection
is minimized. The ideal vibration isolator
exerts zero force for all deflections until it
bottoms.

Nonlinear Isolator stiffness characteristics
ranging betweea the ideal shock isolator and
the ideal vibration Isolator a r e identified and
described. These isolators include linear,
hardening, softening, buckling and bilinear be-
havior with respect to deflection. The author
gives excellent design guidelines for the use of
these nonlinear isolators. Design data is pro-
vidcd for velocity shock isolation with zero
damping using nonlinear isolatore with tangent
elasticity, hyperbolic tangent elasticity, bi-
linezr stiffness, and polynominal elasticity.

In the use of these articles for tOwe design of
shock isolation s!,tems, your sydem must be
capable of single degree-of-freedom response
simulation. Isolators must have negligible
mass compared to the isolated Item, and the
isolated item must be rigid compared to the
isolator. For the majority of practical appli-
cations especiallywhere lowexcitation frequen-
cies and low loading rates are encountered,
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